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In recent years, several short-term investigations have shown that a higher calcium intake 
is associated positively with a higher peak bone mass. Ensuring a higher calcium diet at 
younger age to optimize peak bone mass has been speculated as an effective measure to 
reduce the risk of developing osteoporosis. Yet, the desirable amounts of calcium intake 
for achieving peak bone mass are uncertain. Calcium intakes of Mainland Chinese 
children are reported to be below 400 mg/d. This level of intake is due to reduced 
consumption of milk or even stopping the use of milk after infancy. In contrast, diets of 
Hong Kong Chinese children are more westernized, most children continue to consume 
milk and milk products at least through to 5 years with a mean calcium intake of about 
600 mg/d. However, this level of intake is relatively lower when compared to those of 
Caucasian children (800-1500 mg/d). There has been an increasing concern that Chinese 
children with dietary calcium intakes below the U.S. Recommended Dietary Allowance 
(RDA) (800 mg/d) would result in reduced bone mass. There is also a controversy that 
the shorter stature of the Chinese achieved in adulthood was attributable to dietary 
calcium deficiency. Early balance studies showed that children could maintain a positive 
calcium balance by adapting to a usual calcium diet of 300 mg/d. Whether Chinese 
children accustomed to relatively lower intakes are capable of enhancing calcium 
absorption for optimal bone mineralization is not known. In fact, the relationship between 
calcium intake, calcium balance and bone acquisition for Chinese children has not been 
adequately studied. Furthermore, published studies on the efficiency of calcium 
absorption in growing children, particularly Chinese children are scanty. 
The aims of the study are: (1) to determine prospectively the effects of calcium 
supplement on bone mineral accretion and height increment in Chinese children 
habituated to self-selected diets with a wide range of calcium intake; (2) to evaluate the 
efficiency of calcium absorption of Chinese children with different levels of calcium 
intake; and (3) to determine the extent of intestinal adaptation of Chinese children in 
response to a change of calcium intake. 
Two 18-month randomized, double-blind, controlled calcium supplementation trials were 
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in two groups of 7-year old healthy Chinese children from: (1) Jiangmen, 
Guangdong Province, China (n=163; 88 boys, 75 girls) with a mean baseline calcium 
intake of 280 mg/d, and (2) Hong Kong (n=109, 63 boys，46 girls) with an average 
baseline calcium intake of 570 mg/d. The children in each trial were randomly allocated 
to a study group to receive 300mg/d calcium as a calcium-carbonate tablet, while the 
control subjects received placebo tablets. Baseline dietary intakes, serum 25-
hydroxyvitamin-Ds (25-OHD) and physical activity were determined. Single-photon 
absorptiometry (SPA) (Norland 2780) was used to determine bone mineral content 
(BMC) and areal bone mineral density (BMC/BW) of the distal one-third radius of the 
Jiangmen children, whereas, for Hong Kong children dual-energy X-ray absorptiometry 
(Norland XR-26) was used to evaluate bone mineral density at the lumbar spine and 
in addition to the use of SPA for the radius. Bone mass and height were 
-monthly. 
After 18 months, there was only one Jiangmen boy and 25 Hong Kong children withdrew 
from the respective trial. Serum 25-OHD concentrations of subjects in the respective trial 
was adequate. There were no significant differences in baseline serum 25-OHD 
concentration (P〉0.05) and physical activity (P>0.05) between the study and control 
subjects in the respective trials. In the Jiangmen trial, the study group had significantly 
greater gains in BMC (16.5% v^ 13.97%; P=0.02) and BMC/BW (9.45% V5 6.31%; 
P=0.0008) when compared with the controls. While in the Hong Kong trial, the study 
group had significant increases in lumbar-spinal bone mineral content (20.9% v^ 16.34%; 
P=0.035), lumbar spinal area (11.16% 8.71%; P=0.049), and a moderate increment 
in areal bone mineral density of the radius (7.74% V5 6.0%; P=0.081) when compared 
with the controls. However, both trials demonstrated that calcium supplementation had 
no significant effect on the increment of height. 
Efficiency of calcium absorption for Chinese children was tested twice, i.e. before and 
after a 6-month controlled calcium trial. Baseline true fractional calcium absorption 
(TFCA) was determined using doubly-label stable isotopes among 34 seven-year old 
Chinese children randomly selected from the aforesaid calcium trials. Under standardized 
conditions, each subject received an intravenous injection of 0.75mg "^ C^a shortly after 
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an oral administration of 8mg ^Ca labelled in lOOg chocolate milk. Isotopic ratios were 
determined from urine samples collected 24-hour later, using thermal ionization mass 
spectrometer. The results showed that mean TFCA of children with mean 士 SD calcium 
intake 363 士 91mg/d (n=19) was 63.1 士 10.7% and that of mean 士 SD calcium intake 
862 士 394mg (n=15) was 54.8 ±7.3%. The difference was statistically significant (P= 
0.016). 
Immediately after the initial TFCA test, a double-blind controlled calcium trial was 
conducted for 6-month. The same 34 Chinese children from Hong Kong and Jiangmen 
were randomly allocated to the study group (n=17) or a control group (n=17), a 
calcium-carbonate tablet (300mg calcium) or a placebo tablet was taken daily. TFCA was 
repeated 6 months later using the exact protocol as used before. There was no significant 
difference in baseline TFCA between the study group (60.6 士 11.4%) and the controls 
(58.2 土 9.0%) (P=0.55). Serum 25-OHD levels were comparable between the two 
groups (P=0.71). After 6 months, TFCA of the study group (55.6 士 12.7%) was 
significantly lower than the controls (64.3 士 10.7%) (P=0.015). By comparing the 
individual changes in TFCA after the trial between the two groups, there was a non-
significant reduction in TFCA (5.03 士 12.4%，P=0.11) in the study group (60.6% to 
55.6%), whereas a significant increase in TFCA (6.17 ± 7.7%，P二0.004) was observed 
in the controls (58.2% to 64.3%). The differential in TFCA between the two groups after 
6 months was significantly different (P=0.001), and the significance remained after 
adjusting for baseline dietary intakes, weight and height by multiple regression analysis 
(P=0.003). 
In conclusion, the findings from the two controlled calcium supplementation trials 
confirm a positive effect of calcium intake on bone acquisition but it had no benefit on 
height increment. Whether a higher bone mass attained in childhood would be maintained 
and would modify future peak bone mass requires a longer term longitudinal follow-up. 
Results from the baseline absorption study support the hypothesis that growing children 
with an adequate vitamin D status and accustomed to a low calcium diet can enhance the 
absorptive capacity. Furthermore, results of TFCA after controlled calcium 
supplementation further supported that children can adapt to a change in calcium intake 
XIV 
by adjusting the efficiency of TFCA. In corollary, children on habitually low calcium 
diets have a higher TFCA than the counterparts with higher calcium diets. If TFCA from 
a single meal of chocolate milk resembles their TFCA from their habitual diet, then the 
RDA for calcium for Chinese children would be lower than the US RDA (800 mg/d)， 
which is based on an estimated 40% calcium absorption as reported in Caucasian 
children. A comparative absorption study is necessary to determine whether there is any 
difference in TFCA between Caucasian and Chinese children. Further study is also 
warranted to determine the daily calcium skeletal accretion rate in order to determine 
precisely the daily calcium requirements for Chinese children. 
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CHAPTER 1 INTRODUCTION AND OBJECTIVES 
1.1 Background 
Over the previous 15 years, both cross-sectional (Matkovic et al. 1979; Chan, 1991; Hu 
et al. 1993) and retrospective (Sandler et al. 1985; Picard et al. 1988) studies have 
together demonstrated that a higher calcium intake in early life appears to be associated 
with the attainment of higher peak bone mass at skeletal maturity. Optimization of peak 
bone mass by life-long adequate calcium intake has been recognized as the most effective 
prophylaxis to reduce the risk of developing osteoporotic fractures later in life (Mazess 
& Barden, 1991; Anderson, 1992; Cummings et al. 1993; Matkovic & Illich, 1993; Lee, 
1993). However, desirable levels of calcium intake for different population groups to 
facilitate the achievement of peak bone mass have not yet been defined (FAOAVHO, 
1962; Lee, 1993). Calcium intakes among different population groups fall into a narrow 
range between 200 and 500 mg/d if animal milks are not part of the usual diet (Chen, 
1986; Nordin & Marshall，1988; Hu et al. 1993). In Mainland China, the RDAs of 
calcium intake for children and adolescents are set at 800mg/d and lOOOmg/d respectively 
(Chinese Nutrition Society, 1990). In spite of this, calcium intakes of Mainland Chinese 
children and adolescents are repeatedly reported to be about 300mg/d - 400mg/d (Chen, 
1982; Lee et al. 1993b). Such levels of intakes are due to reduced consumption of milk 
or even stopping the use of milk after infancy (Lee et al. 1993b). On the other hand, the 
eating habits of Chinese children in Hong Kong are more westernized, and the majority 
of children continue to consume milk and milk products at least through to 5 years of age 
resulting in an average calcium intake of about 600mg/d (Lee et al. 1993a). However, 
there is also a proportion of Hong Kong children who gradually reduce the amount of 
milk consumed from age 1 to 5 years such that by 5 years of age their calcium intake is 
about 300mg/d (Lee et al. 1993a & 1993b). In recent years, there has been an increasing 
concern both in China and Hong Kong that children with dietary calcium intakes below 
the U.S. RDA (800 mg/d) (National Research Council, 1989) would have a lower 
calcium retention which might result in a reduced bone mass (Pun et al. 1989). 
There have been limited published data on the relationship between calcium intake and 
bone acquisition among Oriental children and adolescents. Until recently, the Growth and 
Nutrition Research Team at the Department of Paediatrics of the Chinese University of 
Hong Kong reported that the bone mineral content of 5 year old children was 
significantly associated with the cumulative calcium intakes over the first 5 years (Lee, 
1990; Lee et al. 1993a). And that pre-school children from Mainland China accustomed 
to calcium intake of 245mg/d had radial bone mineral content 14% less than a group of 
Hong Kong children with habitual calcium intake of 540mg/d (Lee, 1990; Lee et al. 
1993b). The results of our previous studies' suggested that calcium intake plays an 
important role in bone mass development of children. In addition, previous studies 
suggested that giving a supplement to children in the form of milk was associated with 
height increases (Leighton & Clark, 1929; Bureau of Statistics, 1970). Whether Chinese 
children accustomed to low intakes are able to absorb adequate calcium to achieve a 
positive calcium balance appropriate for bone mineralization is not known. In fact, 
studies on the efficiency of calcium absorption in growing children are scanty. Early 
balance studies in India and Sri Lanka showed that children could adapt to habitual 
calcium intake at about 300mg/d and still maintained a positive calcium balance (Begum 
& Pereira，1969; Nicholls & Nimalasuriya, 1939). The percentage of calcium absorption 
was approximately 50% in rural Indian children subsisting on a diet as low as 200mg/d. 
Miller et al. (1988) and Smith et al. (1987) used a double isotope technique to determine 
true fractional calcium absorption (TFCA) of Caucasian children and adolescents of age 
10-17 years, the mean TFCA was 25-35%. Abrams et al. (1993) employed a doubly 
labelled stable calcium technique to study TFCA of 10 healthy Caucasian girls at age 7.5 
year, TFCA of these healthy girls was 30.4%, and the mean dietary calcium intake of 
the 10 subjects was 940mg/d. These results were remarkably lower than those early 
reports from India and Sri Lanka (50-60%) (Begum & Pereira, 1969; Nicholls & 
Nimalasuriya, 1939). 
To the best of my knowledge, there have been no longitudinal studies to evaluate the 
effects of calcium intake on bone mineral accretion and body height increment in Chinese 
children on low calcium diets. And there is a lack of data on the rate of bone acquisition 
when calcium intake of Hong Kong Chinese children is brought up to the recommended 
levels of the Western industrialized countries (700-800 mg/d) (National Research 
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Council, 1989; German Society of Nutrition, 1991). Furthermore, there has been no 
scientific information on calcium absorption of Chinese children with different levels of 
calcium intake, and the extent of the adaptive capacity of Chinese children to adjust the 
efficiency of absorption. 
1.2 Objectives 
1 To conduct two independent randomized, double-blind, controlled calcium 
supplementation trials for 18 months for the determination of the effects of 
calcium supplement on bone mineral acquisition and height increment of:-
(i) Healthy Chinese children from Guangdong, China with habitual mean 
calcium intake less than 300 mg/d，and, 
(ii) Healthy Chinese children from Hong Kong with a wider range of calcium 
intakes. 
2 To determine true fractional calcium absorption (TFCA) in Chinese children on 
self-selected diets using a doubly labelled stable isotope technique. And to 
examine the hypothesis that children can compensate for lower calcium intakes 
by enhancing TFCA. 
3 To determine whether a change in calcium intake over a six-month period in 
growing children would bring about any change of the efficiency of intestinal 
calcium absorption. Such a 6-month period fell into the first six months of the 
two 18-month calcium supplementation trial as mentioned in the first objective. 
CHAPTER 2 LITERATURE REVIEW 
Calcium intakes of Hong Kong Chinese: past and present 
2.1,1 Adults 
Milk and milk products are not traditionally consumed in the Chinese diets. Few adult 
Chinese consume milk regularly. Thus, the Chinese diet has been characterized as low 
in calcium as compared to the Caucasian who consume milk and milk products regularly 
(Pun et al. 1989). The low preference to milk is partly attributable to lactose intolerance 
in a proportion of the Chinese population (Dahlqvist 1984; Quak et al. 1987). In fact in 
a recent dietary survey in a random sample of 198 adult Hong Kong Chinese aged 18-60 
years found that 14% consumed milk on a daily basis. Over 50% drank milk less than 
once a week or never drank milk, only 5 % consumed dairy produce daily. Regarding the 
reasons for not using milk, 39% expressed that they disliked milk, 31% regarded milk 
not a component of the diet, and 9% reported gastrointestinal discomfort after using milk 
(Ko et al. 1995). There is a rising incidence of osteoporosis in Hong Kong, the incidence 
of osteoporotic fractures in Hong Kong has increased 3-fold in the elderly to reach a rate 
of about 10 in 1,000 in people above 70-year of age in the last 20 years (Lau, 1988a). 
The age-adjusted incidence of osteoporosis of women in Hong Kong has risen rapidly 
compared to the Southampton British white women, and reaching two-thirds of that of 
the California!! White women (Lau, 1993). Pun et al. (1989) studied calcium intake of 
535 healthy Hong Kong Chinese, and found that calcium intake declined with age. 
Between 11 and 20 years of age, the average calcium intake was about 500mg/d and 
dropped to around 300mg/d at 70 years of age. In Hong Kong, the elderly with hip 
fractures were found to have calcium intakes significantly lower than those of the normal 
controls (Lau et al. 1988b). Therefore, the issues of osteoporosis and calcium intake of 
the Chinese population has become increasing public health concerns (Lau & Donnan 
1987; Lau 1988; Pun et al. 1989). 
2.1.2 Children 
Studies in the early 1960"s and late 1970"s have painted a gloomy picture on the 
nutritional status of Hong Kong Chinese infants and children (Field & Baber 1973; Li 
et al. 1982; Li et al. 1985). In 1960"s, Field and Baber (1973) conducted a longitudinal 
study of growth in 782 children in Hong Kong. They reported that by nine months of 
age, most children had abstained from milk drinking. Parents generally perceived that 
milk was required for the young babies only. Inadequate consumptions of food and 
nutrients were considered to be common in these children. Later dietary surveys in 1979 
and 1981 by Li et al. (1982，1985) showed that infants and young children aged between 
seven months to 24 months in the districts of Aberdeen and Kwun Tong had persistently 
low intake of nutrients, including calcium when compared to the recommended intakes 
(National Research Council, 1989). These reports urged for an improvement in child 
nutrition in Hong Kong. Further dietary studies in 1980"s noted some remarkable 
changes in infant feeding practices. A majority of infants were formula fed from birth 
to weaning (Leung et al. 1989; Leung and Lui, 1989; Leung and Lui, 1990). Therefore, 
the intake of calcium in the eighties was higher than that in the sixties. Besides, the 
intake of energy, protein, iron and vitamin D were found to be adequate. These 
remarkable changes might be attributable to the economic growth and the provision of 
health education to the people in Hong Kong. In 1990’s，a study showed that 5 years old 
Hong Kong Chinese preschool children had mean dietary intakes of energy, protein and 
calcium at 1400 Kcal/d, 67 g/d and 550 mg/d respectively. The chief source of calcium 
for these 5-year old children was milk (44%), and 90% of children continued to consume 
milk regularly through at least to 5 years (Lee et al. 1993a). Such a calcium intake was 
comparable to the RDA (FAO/WHO, 1962). The change in milk drinking habits was 
attributable to the parent"s growing awareness of regarding milk as a major source of 
calcium as well as other important nutrients for their children. 
2.2 Calcium Metabolism 
2.2.1 Calcium and bone mass 
Over 99% of calcium and 80% of phosphorus are stored in the skeleton in the form of 
crystalline calcium phosphate resembling hydroxyapatite [Cai0(PO4)6(OH) J which forms 
an architectural framework to maintain skeletal integrity. Less than .1 % of calcium is in 
an ionized form or bound to proteins in the extracellular fluid, in which calcium is 
actively involved in vital biochemical processes, namely, cell membrane permeability, 
nerve conduction, cardiac and muscle contraction and blood coagulation (British Nutrition 
Foundation, 1989). The supply of calcium to the body pool solely comes from the diet. 
The obligatory endogenous losses of calcium via the kidney, intestine, and skin require 
a constant influx of calcium into the extracellular pool. 
However, bone salt is not a pure hydroxyapatite because it contains cations such as 
magnesium and zinc, and anions, namely, carbonate and citrate (Prentice & Bates, 1994). 
These ions are either absorbed onto the crystal surface or within the crystal lattice. 
Approximately 60% and 30% respectively of body magnesium and zinc are present in 
the skeleton. The roles of magnesium and zinc in the skeleton are largely unknown. 
Magnesium is involved in the control of crystal formation and in crystal stability 
(Schwartz, 1990). Zinc is associated with alkaline phosphatase at calcification sites and 
is also deposited within the inorganic matrix. Zinc may be involved in chondrogenesis, 
collagen synthesis, osteoblastic function and calcification (Hambidge et al. 1986). 
The skeleton is a dynamic tissue inside which there is a continuous process of bone 
turnover characterized by ongoing bone formation coupled with resorption. Bone 
remodelling is a highly ordered sequence of cellular events comprising a resorption phase 
whereby old bone is removed, followed by the processes of bone formation and 
mineralization. The phase of osteoclast activation and osteoclastic bone resorption result 
in the formation of a resorption (erosion) cavity. Mononuclear cells are found in deep 
within the resorption bays. These mononuclear cells are believed to be responsible for 
the signals that ultimately attract osteoblasts to the site of the resorption bays. Osteoblasts 
synthesizes an uncalcified osteoid matrix which undergoes mineralization several days 
later. It is important to note that skeletal accretion of calcium occurs after matrix 
production but not before. Hence, the skeletal demands for calcium are governed by the 
rate of matrix synthesis rather than other way round (Kanis，1994). During the years of 
growth, bone formation exceeds resorption. Body calcium accretion increases from 30g 
at birth to 850-1400g in adulthood as a result of net bone formation (American Academy 
of Pediatrics, 1978). The rates of skeletal calcium accretion vary at different stages of 
life. During the first six months of life, the daily calcium accretion in the skeleton is 
rapid at 150 - 200mg/d, with less influx in mid-childhood years (75 to lOOmg/day), and 
up to 400mg/day during puberty growth spurt in adolescence (Leitch & Aitken，1959). 
The process of bone formation does not terminate after cessation of linear growth, 
consolidation of bone mass continues until "peak bone mass" is achieved in the second 
decade to the third decade of life (Matkovic，1992); however, the timing is varied in 
different ethnic groups (Hsu et al. 1987; Prentice et al. 1991; Theintz et al. 1992). 
Genetic inheritance accounts for 70-80% of the attainment in peak bone mass (Pocock 
et al. 1987; Kelly et al. 1991; Slemenda et al. 1991a), whereas body build (Chan, 1991; 
Lloyd et al. 1992; Turner et al. 1992; Kroger et al. 1992) including lean body mass 
(Snow-Harter et al. 1992; Davee et al. 1992); physical activity (Snow-Harter et al. 1992; 
Recker et al. 1992; Jacobson et al. 1984; Fehily et al. 1992); dietary intake including 
calcium (Fehily et al. 1992; Matkovic et al. 1990; Lloyd et al. 1993; Hu et al. 1993)， 
protein (Orwell, 1991; Adelow et al. 1992; Metz et al. 1993)，phosphorus (Spencer et 
al. 1975; Metz et al. 1993) and sodium (Sabto et al. 1984; McParland et al. 1989), 
smoking (Mazess & Barden，1991; Paganini-Hill et al. 1991; Hopper & Seeman’ 1994) 
and alcohol consumption (Lynch et al. 1967; Fehily et al. 1992), etc. are modifiable 
environmental factors that may determine the remaining 20-30% variation in peak bone 
mass. The amount of peak bone mass varies in different ethnic groups at skeletal 
maturity too. Black Africans have a relatively higher amount of bone mass compared 
with Caucasians (Luckey et al. 1989; Gilsanz et al. 1991; McCormick et al. 1991), 
whereas there is some evidence that Orientals (Garn et al. 1964; Hu et al. 1993) have 
a relatively lower bone mass when compared with that of the Caucasians (Mazess & 
Cameron, 1974). 
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is a universal phenomenon that bone mass after reaching the peak gradually declines 
when the process of bone degradation predominates in older age. Although the loss of 
bone mass occurs both in men and women with advancing age, the rate of decline in 
women is greater due to accelerated bone loss after menopause as a result of a decline 
he production of estrogen which is a crucial factor for maintaining positive bone 
urnover in women (Dempster et al. 1993). As age advances, localized imbalances appear 
within each remodelling cycle, such that the amount of bone resorbed is now greater than 
he quantity with which it is replaced, particularly on the endosteal surface (Parfitt, 1981 
1984). These changes could result from an increase in resorption cavity, a decrease 
n the amount of new bone formed, or a combination of both. As a result, the rate of 
one loss attributable to an imbalanced bone remodelling is mainly controlled by the 
requency with which new remodelling cycles are activated (Steiniche et al. 1984). 
Available evidence thus far tends to suggest that estrogen deficiency increases both the 
ctivation frequency and the local imbalance between resorption and formation (Parfitt, 
988; Steiniche et al. 1989; Eriksen et al. 1984). 
n a matured adult, approximately 75% of the skeleton is composed of cortical bone 
while the remainder is composed of cancellous bone. Although cancellous bone accounts 
a minority of bone mass, its surface to volume ratio is much higher than that of 
cortical bone. Since bone remodelling is a surface-based event; hence, the metabolic 
activity of cancellous bone is 10 times greater than that at cortical surface (Kanis, 1994). 
addition, there is also emerging evidence to suggest that a fall in serum concentration 
of estrogen may activate osteoclasts and inhibit the activity of osteoblasts to refill the 
resorption cavities created by the osteoclasts. As a consequence, osteoclasts penetrate 
deep into the bone plate causing perforation (Dempster & Lindsay, 1993). Osteoporotic 
fractures may occur in individuals when bone mass falls below a certain threshold level 
(Riggs & Melton 1986; Lester et al. 1990; Cummings et al. 1993). Adults with average 
bone mass less than the population mean in which he/she belongs to during skeletal 
maturity may be at a higher risk of osteoporosis later in life (Hui et al. 1989; Cummings 
et al. 1993). Hu and co-workers however, showed that the fracture threshold level for 
Chinese women (Hu et al. 1993) was lower than women in the Western countries (Lester 
et al. 1990; Cummings et al. 1993). Osteoporosis in men in general occurs more 
frequently over 70 (Riggs & Melton, 1986). 
2.2.2 Ethnicity and bone mass 
Despite the fact that Oriental people were often reported to have life-time lower bone 
mass and body frame than Caucasians (Yano et al. 1984; Cummings et al. 1985; Ross 
et al. 1991)，the incidence of fractures in Oriental women were reported to be much 
lower than Caucasian women (Cummings et al. 1985; Lau, 1993). A recent cross-
sectional study (Hu et al. 1993) in over 840 women at aged 35-75 years from 5 rural 
counties of Mainland China where mean calcium intakes varied from 230-720 mg/d 
showed that nearly all the study women over the age of 50 had bone mass less than the 
fracture threshold point for the U.S. Caucasians women (Lester et al. 1990). However, 
a majority of these Chinese subjects had not experienced any signs of osteoporosis or 
episodes of osteoporotic fractures in their life. Less than 4% of the study women 
reported incidents of fractures in their life. While the fracture rate in Caucasian women 
has been estimated to be 100 per 100,000 (Hegsted, 1986; Sowers et al. 1986; Gardsell 
et al. 1991). The low fracture incidence in the investigation of Hu et al. (1993) was 
consistent with those reports of Chinese populations in Hong Kong and Singapore before 
1980"s (Cummings et al. 1985). However, with increasing urbanization and prosperity 
of some South East Asian countries like Hong Kong, Japan and Singapore, the incidence 
of osteoporotic related fractures has increased dramatically which is becoming an 
epidemics among the elderly age group in the region (Lau, 1993). It is postulated that 
other risk factors besides bone mass and body frame, such as hereditary factors, dietary 
constituents (high intake of animal protein, sodium, phosphorus, and a low calcium diet), 
reduced weight bearing activity, and the risk of fall may be important to explain the 
difference in prevalence of fracture (Lee 1993). Oriental people usually have smaller 
body frame and skeletal mass than Caucasians. It is logical to consider that less 
mechanical stress; hence, lower bone mass may be required by Oriental women to 
support their smaller body weight when compared with Caucasians. In fact, a concern 
for ethnic difference in calcium requirement has been reflected in a recent Consensus 
Development Conference on Osteoporosis held in Hong Kong, April, 1993，which was 
organized by the American and European Foundations for Osteoporosis and Bone 
Diseases and the National Institute of Arthritis and Musculoskeletal and Skin Diseases 
of USA. The consensus statements consider ethnic difference in calcium requirements 
being an important factor to formulate future RDAs for the world populations: 
“ requirements (calcium) may differ in other ethnic groups and may be less in people 
with lower protein intakes and small skeletal size•.…“Furthermore, studies have shown 
that racial difference in bone density disappeared after confounding factors of body 
weight and height were controlled in comparing ethnic differences in bone density 
(Prentice et al. 1991; Russell et al. 1992). More research in Oriental populations residing 
in urban and rural areas is required to compare the factors modifying the risk of 
fractures. 
2.2.3 Physical activity and bone mass 
Physical activity is one of the modulating factors for bone mass development in children. 
Strenuous physical activities in adults are found associated with an increase in bone 
density (Recker et al. 1992; Jacobson et al. 1984)，whereby long-term immobilization 
resulted in bone loss (Prince et al. 1988). A recent cross-sectional study and a 
prospective study together indicated that increasing physical activities in children and 
adolescents were positively associated with bone density of the radius, spine and hip 
(Slemenda et al. 1991b; Grimston et al. 1993). During bone growth, 
size. Bone modelling process is subject to hormonal influence and mechanical 
which would alter the pattern of architectural organization of the bone tissue. 
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modelling in children results in forming new bone. Therefore, appropriate mechanical 
stress in the form of physical activity during the period of bone growth is important for 
enhancing skeletal mass. 
2.2.4 Hormonal control of calcium metabolism 
The plasma calcium concentration is maintained in narrow limits (2.25 - 2.6 mmol/L). 
This tight regulation is achieved by integrating the effects of three hormones: parathyroid 
hormone (PTH), calcitonin and metabolically active vitamin D3. A fall in the plasma 
calcium concentration leads to a rise in the production of PTH which in turn, stimulates 
the synthesis of 1,25-dihydroxycholecalciferol (l,25(OH)2D3)，which is an active 
metabolite of Vitamin D3. l,25(OH)2D3 promotes intestinal calcium absorption and 
increases bone resorption of calcium. PTH also stimulates the reabsorption of calcium 
from the kidney tubules. Thus, reducing the loss of calcium through the kidney. On the 
other hand, a rise in plasma calcium concentration leads to a decline in PTH secretion 
and an increase in calcitonin release. This would result in a reduced production of 
1,25(0H)2D3, and thus less calcium would be absorbed from the intestine, and resorbed 
from the skeleton. In addition, there will be an increased calcium reabsorption from renal 
tubules. Consequently, a normal plasma calcium concentration will be restored. 
Optimal production of gonadal hormones at puberty and appropriate timing of puberty 
are paramount for the development of healthy peak bone mass in young adults. 
Androgens (androsterone and testosterone) are necessary for normal growth and 
development of the skeleton in boys. Lack of androgens delays skeletal maturation and 
prolongs the period of bone growth, the hormonal effects on bone are similar to those 
induced by estrogen in female (Adams, 1988). Adolescent boys with delayed puberty 
have lower BMC than normal age-matched boys (Krabbe et al. 1979). A case controlled 
study in adult men with constitutionally delayed puberty had lower bone mass than those 
who underwent normal puberty (Finkelstein et al. 1992). Young men with idiopathic 
hypogonadotropic hypogonadism were found to have reduced bone density (Finkelstein 
et al. 1987 & 1989; Finkelstein & Klibanski，1990)，Osteoporosis has been observed in 
these men before and after epiphyseal closure that may be related to defective bone 
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mineralization; despite antrogen therapy, the bone density of these men did not achieve 
normal values (Rosenfield，1990; Tanner & Davies，1985). 
A reduction in circulating concentrations of ovarian hormones in girls is also associated 
with low bone mass as evident in patients suffering from Turner"s syndrome (Beals， 
1973; Barr, 1974), and amenorrhea induced by immense physical training (Cann et al. 
1984; Lindberg et al. 1984; Linnel et al. 1989). In patients with Turner"s syndrome, sex 
hormones deficiency in childhood, increased bone remodelling, increased serum alkaline 
phosphatase, and delayed skeletal maturation account for bone mass reduction (Brown 
et al. 1974). In addition, osteoporosis related fractures also occur commonly in patients 
with Turner、syndrome (Beals, 1973; Barr, 1974); Cortical thickness may also reduce 
before puberty, suggesting that the reduced bone mass is genetically associated as well 
as secondary to estrogen deficiency (Beals, 1973; Barr, 1974). Among young female elite 
athletes, there is a high incidence of hypothalamic amenorrhea, resulting in reduced 
circulating estrogen levels, bone mass of these females was lower when compared to 
sedentary controls or normal menstruating women exercise to the same extent (Cann et 
al. 1984; Lindberg et al. 1984; Linnel et al. 1989). However, the return of menses is 
associated with a small but significant increase in bone mass. These data support the 
argument that a reduction or a loss in sex steroids was associated with reduced skeletal 
maturation and mineralization. 
After attaining skeletal maturity, the important factor in determining the rate of bone loss 
in females is the loss of ovarian function rather than chronological age (Aitken et al. 
1973; Richelson et al. .1984). The rate of bone loss is less than among women 
immediately after menopause, and is associated with declining ovarian activity; the rate 
of loss is also found dependent on the remaining endogenous estrogen supply (Lindsay 
et al. 1977; Slemenda et al. 1987). Cancellous bone of vertebral bodies appears to be 
particularly sensitive to declining sex hormone production, with bone loss beginning 
earlier and being most rapid at that site (Johnston et al. 1984). In addition, 2-3 years 
after bilateral oophorectomy in women had more bone loss than those of the same age 
who still had adequate ovarian function after hysterectomy alone (Aitken et al. 1973). 
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The universal phenomenon of age-related bone loss is believed to be associated with 
several factors: an increased bone resorption mediated by estrogen deficiency (Dempster 
et al. 1993), age-related decline in intestinal calcium absorption (Riggs & Melton, 1986; 
Chan et al. 1992), a fall in the hydroxylation of 25-hydroxyvitamin D3 to 1,25-
dihydroxyvitamin D3 in the kidney of the elderly (Peacock, 1988), and possibly an 
intestinal resistance to the hormone secondary to a reduced concentration of intestinal 
Vitamin D receptor (Ebeling et al. 1992; Martinez et al. 1994). However, other workers 
reported normal 1,25-dihydroxyvitamin D3 level in the elderly (Sherman et al. 1990; 
Halloran et al. 1990) including elderly Chinese women (Chan et al. 1992). 
The mechanism of bone loss occurs later in life as seen in both sexes is the result of 
gradual thinning of trabeculae due to the decline in osteoblast function. Osteoblasts 
become less capable of refilling the resorption cavities created by osteoclasts (Mellish et 
al. 1989). On the contrary, the rapid postmenopausal bone loss is thought to be osteoclast 
mediated. As estrogen production reduced, osteoclasts become hyperactive, penetrate 
deeply into the trabecular bone and perforate it (Dempster & Lindsay, 1993). In 
postmenopausal women, the reduced synthesis of estrogen together with an excessive 
activity of osteoclasts leads to increased skeletal remodelling and bone loss. The 
mechanism by which the loss of estrogen brings about the weakening bone and 
subsequent bone loss remains unknown. There is evidence for the presence of estrogen 
receptors in osteoblasts (Eriksen et al. 1988) as well as osteoclasts (Oursler et al. 1990). 
It has been suggested that the effects of estrogen may also be influenced by changes in 
the concentration of systemic and local factors, namely, calcitonin, interleukins 1 and 6 
(IL-1, IL-6), transforming growth factors (eg. TGF-6), prostaglandin E】，tumour necrosis 
factor, and insulin-like growth factors I and II (Pacifici, 1992; Jilja et al. 1992; Feyen 
& Raisz，1987; Ralston et al. 1990; Ernstet al. 1999). Production and activity of several 
of these local cytokines may also be regulated by the PTH and vitamin D. For instance, 
PTH stimulates synthesis of insulin-like growth factors in bone cultures (McCarthy et al. 
1989), insulin-like growth factors and TGF-6 modulate osteoblast activity; and 
prostaglandin E】，tumour necrosis factor, and the interleukins are potent stimulators of 
bone resorption (Dempster & Lindsay, 1993). In women, monocytic production of IL-1 
and IL-6 is increased after menopause and the enhanced synthesis of IL-1, at least can 
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be reversed by treatment with estrogen and progesterone (Pacifici et al. 1991). These 
observations lead to a speculation that estrogen deficiency causes local production of 
some factors such as cytokines secreted by mononuclear and stromal cells in the marrow, 
and possibly by osteoclasts. This in turn leads to enhanced osteoclast recruitment, thereby 
accelerating bone loss (Dempster & Lindsay，1993). 
The evidence gathered so far seems to suggest that loss of gonadal steroids is an 
overwhelming offence to the skeleton, that cannot be overcome by lifestyle and 
nutritional factors that are normally thought of as important in the development of 
osteoporosis (Lindsay & Cosman, 1992). 
2.2.5 Intestinal calcium absorption 
Complex forms of calcium exist in foods, e.g., calcium caseinate in milk, calcium 
phosphate in vegetables, and calcium sulphate in calcium-precipitated soya bean curd, 
etc. These complex forms of calcium are hardly soluble in neutral medium but are 
readily soluble below pH 6. (Bo-Linn et al. 1984). It has been assumed that insoluble 
calcium complexes need to be in soluble form and probably ionized in acidic medium 
before it can be absorbed (Schacter et al. 1960; Nordin 1968). Until recently, the 
assumption on the role of solubility on absorption of calcium complexes has not been 
studied adequately, in vivo absorption studies from Bo-Linn et al. (1984), Recker (1985)， 
and Heaney et al. (1990) together demonstrated that there was only a weak association 
between solubility and calcium absorption. 
(1) Calcium transport across the intestine 
Calcium is absorbed predominantly in duodenum and proximal jejunum (Allen 1982; 
Bronner 1988). Intestinal calcium absorption involves two transport mechanisms: active 
calcium transport (saturable process) which occurs mainly in the proximal small intestine; 
and passive calcium transport (non-saturable process) which takes place in the rest of the 
intestine (Bronner 1987). The calcium transport in the saturable process is facilitated by 
a vitamin D dependent calcium binding protein. Calcium binding protein mediates and 
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enhances intracellular calcium diffusion (Henry & Norman 1984). Moreover, this active 
process occurs predominately in the duodenum and the proximal jejunum (Behar & 
Kerstein 1976; Bronner et al. 1986). While the non-saturable process of calcium 
absorption takes place predominantly in the distal jejunum and the ileum (Pansu et al 
1983; Behar & Kerstein 1976) and is not under hormonal control (Bronner 1988). On the 
other hand, there is evidence to suggest that the colon may be able to absorb calcium 
(Hylander et al. 1990). 
(2) Active Calcium Transport 
Calcium ions is mainly absorbed by active transport with the luminal calcium diffuses 
into the enterocytes moving down the calcium concentration gradient. The calcium 
concentration gradient varies from 10 to 100 folds between the luminal and serosal fluids 
depending on the level of calcium intake. In addition, the chemical gradient that exists 
between cell exterior and interior is a thousand times in difference. Therefore, the entry 
of calcium into the epithelial cells occurs readily without expenditure of energy (Bonner 
1987). In addition, the action of vitamin D may enhance calcium uptake up to 20% -
30% through the brush border membrane, possibly via a membrane bound calcium 
binding protein (Bronner et al. 1986). An intracellular calcium binding protein has been 
identified responsible for facilitating calcium transport through the cytosol (Feher 1983). 
There is about 60 folds of increase in intracellular calcium movement as a result of the 
facilitation by calcium binding protein (Bronner et al 1986). There is evidence to show 
that there is a linear relation between the rate of calcium transport and the concentration 
of binding protein (Pansu et al. 1983). In rats study, active transport of calcium in the 
intestinal cells did not happen in either vitamin D or calcium binding protein deficient 
rats (Bronner et al 1986). Calcium extrudes into the extracellular fluid from the serosal 
side of the intestinal cells. The process works against both the chemical gradient of 
calcium/magnesium ATPase and the electrical gradient (Bronner 1987). 
Calcium-magnesium ATPase extrudes calcium in the absence of calcium binding protein 
(Bronner 1987). Like calcium entry into the brush border membrane, vitamin D may also 
enhance extrusion of calcium into the extracellular fluid by amplifying two to three folds 
the activity of calcium-magnesium ATPase (Bronner et al. 1986). 
(3) Passive calcium transport 
When calcium intake is increased, the process of active transport is saturated, the passive 
mode of calcium transport is responsible for the uptake of additional calcium. Intestinal 
calcium entering into the epithelial cells by the passive process is believed to go via the 
paracellular route (Nellans & Kimberg 1979) but not the transcellular route as seen in 
the saturable calcium transport. Modifications of the cellular junctions, namely, the tight 
junctions and the gap junctions may lead to a marked influx of calcium (Bronner 1987). 
And the non-saturable route of calcium transport is concentration dependent (Bronner 
1987). 
To summarise, at a low calcium intake, calcium is predominantly absorbed by active 
transport mediated by an increased activity of vitamin D. With an increased calcium 
intake the active transport mechanism is saturated, and the additional calcium is absorbed 
by diffusion paracellularly (passive transport) (Nordin & Marshall 1988). Thus, the 
extent of habitual calcium intakes will influence the mechanism of calcium absorption. 
(4) Age and calcium absorption 
The concentration of plasma calcium varies slightly throughout life and there is no gender 
difference (Marshall 1976). It has been reported that calcium absorption in breast fed 
infants is about 70% of the ingested calcium at an intake of 280 mg/day (800 ml milk) 
(Norman et al. 1981; Hillman et al. 1993). Calcium absorption tends to decline from 
infancy to adulthood as a result of slowing down in growth, and it declines further in old 
age (American Academy of Pediatrics 1978; Chan et el. 1992). Fractional true calcium 
absorption of Caucasian children and adolescents have been reported to be about 30-45 % 
(Miller et al. 1988; Abrams et al. 1993), and urinary calcium loss is lower in children 
(Nicholls & Nimalasuriya, 1939; Begum & Pereira, 1969; Matkovic et al. 1990) to allow 
a more positive calcium balance in growing children for bone development. Age related 
decline in intestinal calcium absorption has been shown in both human and in animals 
(Allen, 1982) which is attributed by a decline in the active process of calcium absorption 
in the proximal small intestine. Such an observation is also in parallel with a decrease 
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in the synthesis of vitamin D in a proportion of the elderly who may have age-related 
decline in renal function (Peacock 1988). 
2.2.6 Dietary components in relation to calcium bioavailability and absorption 
Bioavailability of calcium is affected by food constituents. Bioavailability is defined as 
the proportion of the ingested nutrient that can be digested, absorbed, and utilised in the 
body (Southgate 1989). Certain food constituents, for instance, Vitamin D (Norman, 
1990)，lactose (McBean & Speckmann 1974) and glucose (Zhang 1989), etc. have been 
found to promote intestinal calcium absorption. Other food components: phytic acid 
(McBean & Speckmann 1974，Graft & Eaton 1984) and oxalic acid (McBean & 
Speckmann 1974; Kelsay 1985) have been found to form insoluble complexes with 
calcium resulting in less calcium is available for absorption. On the other hand, high 
intake of animal protein and sodium have been demonstrated to increase urinary calcium 
loss in adults (Sabto et al. 1984; Adelow et al. 1992; Hu et al. 1993b). 
(1) Habitual calcium intake 
Habitual calcium intake of an individual has a profound impact on calcium absorption and 
retention (Hegsted et al. 1952; Malm 1958; Council on foods and Nutrition 1963; Beaton 
& Patwardhan 1976). Hegsted et al. (1952) conducted a balance study on the minimum 
calcium requirements of adult men in prison. Urinary calcium excretion was found to be 
correlated linearly with calcium intakes. Individuals with habitually higher calcium diets 
tended to have higher urinary calcium concentration and vice versa. Nicholls & 
Nimalasuriya (1939)，and Begum & Pereira (1969) found that children subsisting on low 
calcium diets (200mg/d - 300mg/d) could still absorb 50% of calcium from the diets. 
Heaney et al. (1975) used radioactive calcium isotopes to determine calcium absorption 
in adults, and indicated that calcium absorption appeared to be 53% at an intake of 190 
mg and dropped to 17% at an intake of 3,000 mg. In fact, individuals habituated at a 
higher calcium diet, the absolute amount of calcium absorbed increases despite the fact 
that the rate of fractional calcium absorption reduces. However, a relatively large amount 
of unabsorbed calcium is excreted in the feces (Nordin & Marshall 1988). 
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(2) Vitamin D nutritional status 
Sources of vitamin D in natural foods are mainly derived from animal and fish. For 
example, livers and fatty fish are rich sources of vitamin D. In most industrialized 
countries, vitamin D is also fortified in dairy foods and margarine. Vitamin D can be 
synthesized in the skin when exposed to the ultraviolet sunlight. In sub-tropical and 
tropical climates, a majority of vitamin D is obtained by the exposure to the sun. The 
amount of vitamin D formed under the skin is well correlated with the extent of exposure 
to the ultraviolet light (Devgun et al. 1983). A few hours of exposure under the sun in 
summer has been shown to synthesize sufficient vitamin D to avoid deficiency for several 
months (Poskitt et al. 1979). Dietary supplementation may be required if there is a 
limited sunshine exposure and insufficient dietary intakes of the vitamin (Davie & 
Lawson，1980). 
Since vitamin D is required for intestinal calcium absorption, an adequate supply of 
vitamin D either from oral route or from sunlight exposure is important in infants and 
children. It has been shown that the body is capable of adapting to a habitual low calcium 
diet by enhancing intestinal calcium absorption (Hegsted et al. 1952; Malm et al. 1958). 
An adequate vitamin D nutritional status is a prerequisite for adaptation to occur (Fraser, 
1988b; Norman, 1990). Two recent investigations (Leung et al. 1989; Leung et al. 1993) 
on the vitamin D status of Chinese children from both Guangdong of Mainland China and 
Hong Kong showed that serum 25-OHD among these Chinese young children were 
normal, 2-3 folds above the diagnostic index of vitamin D deficiency (10 ng/ml) 
(Grindulis et al. 1986). Serum 25-OHD was highly correlated with the global solar 
radiation, a higher serum value of vitamin D was found in children during hot summer 
months (Leung et al. 1989). Sun light is a major contribution of vitamin D to the 
populations living in sub-tropical regions. 
(3) Protein 
In adults, Johnson et al. (1970); Walker & Linkswiler (1972); Anand & Linkswiler 
(1974), and Chu et al. (1975) consistently demonstrated a positive relationship between 
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urinary calcium loss and a wide range of animal protein intake. When subjects were 
given with calcium at either 500 or 800 mg/day，urinary calcium loss was nearly double 
when dietary protein was increased from 47 g to 142 g. Furthermore, even when calcium 
was given as low as 100 mg/day, the subjects on a high protein diet were all losing 
calcium in the urine. However, there was no enhanced intestinal calcium absorption in 
compensation for the loss of urinary calcium. It is proven that a high animal protein 
intake adversely affect calcium retention due to the acid forming features of sulfur 
containing amino acids methionine and cysteine that are rich in animal protein. It is 
speculated that the excess endogenous acid formed by a high animal protein diet, rather 
than the protein itself, may account for an increase in calcium excretion. Consistent with 
this speculation is the finding that hypercalciuretic effect is reduced substantially by 
adding sodium carbonate to a high protein diet (Lutz, 1984). A high intake of animal 
protein would hamper the integrity of bone mass and may associated with a high 
incidence of fractures in the western industrialized countries (Orwoll, 1991; Abelow et 
al. 1992). There is evidence to suggest that plant protein intake was negatively correlated 
with urinary calcium excretion, possibly due to the alkaline nature of plant foods (Hu et 
al. 1993b). 
(4) Phosphorous and Ca:P ratio 
The effects of phosphorus on calcium absorption and its utilization have been a topic of 
continuing controversy. Phosphorus in the form of phosphates have been widely believed 
to reduce calcium absorption due to the formation of insoluble calcium phosphate salts 
in the intestine. When rats were fed with a diet high in phosphorus or a diet low in 
calcium to phosphorus ratio (<2:1), bone resorption secondary to hyperparathyroidism 
resulted as a consequence (McBean & Speckmann 1974). The results from animal studies 
were unduly extrapolated into human situation. Therefore, it is commonly believed that 
a low calcium to phosphorus ratio would be deleterious on calcium absorption and on 
bone integrity. However, published data involving human subjects have not confirmed 
this hypothesis (Zemel, 1985; Allen, 1982). Spencer et al. (1975) have shown that by 
varying phosphorus intake from 800 to 2,000 mg/day and by maintaining calcium intakes 
at 200，800 or 2,000 mg/day in adult men did not result in significant impact on calcium 
balance. Customary calcium intake above 500 mg the level of phosphorus intake (not 
phytate containing phosphorus) has no significant effect on calcium absorption and 
retention. However, an excessive phosphorus intake of 1000-1500 mg/d with low Ca:P 
molar ratios (1:3) disturb calcium homeostasis leading to hypocalcaemia and secondary 
hyperparathyoidism with hypersecretion of parathyloid hormone (Department of Health, 
1991). In fact, the range of Ca:P molar ratios (1:2 to 2:1) are satisfactorily met in human 
(5) Sodium 
Recent studies in human have shown that an increased sodium intake is linked with a rise 
in urinary calcium excretion (Sabto et al. 1984; Shortt et al. 1988) and in animals 
(Goulding 1980; Goulding and Campbell 1984). Sabto et al. (1984) have shown that in 
adults an increase in sodium excretion of 1 g/day (2.54 grams salt) was associated with 
a rise in urinary calcium of about 26 mg/day. Shortt et al. (1988) reported that the 
average 24-hour urinary calcium excretion increased by 38.9 mg and 26.3 mg 
respectively for every one gram increase in dietary sodium in men and women. 
Therefore, consuming a persistently high salt diet may lead to negative calcium balance 
secondary to an increased urinary calcium excretion. 
(6) Lactose 
Lactose has been known for stimulating calcium absorption in animals (Evans & Ali 
1967) and in human (Allen 1982; Cochet et al. 1983). Cochet et al. (1983) speculated 
that an increased calcium absorption in the presence of lactose of the lactase-normal 
group was due to the prolonged calcium transit time along with the sustained maximum 
rate of calcium absorption in the gut. Furthermore, it was noted that in both 
lactase-normal and lactase-deficient subjects, there was no significant difference in 
calcium absorption nor intestinal calcium transit time when calcium was ingested without 
the concomitant administration of lactose. This suggests that the effect of lactose on 
calcium absorption is dependent on the existence of normal lactase activity. Therefore, 
lactose intolerance may have a negligible effect on calcium absorption. Recker et al. 
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(1988) studied the absorbability of calcium from yoghurt (lactose has been fermented and 
converted to lactic acids), whole milk, chocolate milk, and cheese, etc. in 10 healthy 
postmenopausal women using a single labelled isotope technique, respective fractional 
calcium absorption from yoghurt (0.254 士 0.093)，whole milk (0.267 士 0.079), 
chocolate milk (0.232 士 0.056)，and cheese (0.229 士 0.055) was not significantly 
different. Yoghurt and cheese do not contain lactose, yet their fractional absorption were 
not inferior to milk, the findings further support the notion that calcium absorption is not 
affected by lactose in food. 
(7) Glucose and Glucose Polymers 
Studies in the last 15 years have indicated a positive effect of glucose on calcium 
absorption in both animals and humans (Allen 1982; Zheng et al. 1989). An 
administration of either glucose or glucose polymers in vivo enhanced fractional calcium 
absorption (Knowles et al. 1988; Zheng et al. 1989). Simultaneous administration of 
calcium with glucose to human subjects showed a higher fractional calcium absorption 
than given with calcium alone (Knowles et al. 1988). Glucose polymers had an 
independent effect on absorption even in subjects with marginal vitamin D status (Zheng 
et al. 1989), Therefore, these published data showed that glucose or glucose polymers 
enhances intestinal calcium absorption in humans. 
(8) Phytate 
Phytate is a phosphorus storage compound naturally found in cereals, legumes and nuts. 
Phytate has been identified as a potent calcium binding anion that complexes calcium in 
the small intestine, thereby reducing the availability of calcium for absorption and 
increasing its fecal loss (Reinhold 1976). However, phytate can be hydrolysed in the 
intestine by the action of phytase which is present in phytate containing foods, Phytase 
is synthesized by the intestine and the intestinal microflora (Williams & Taytor 1985). 
Certain cereals such as wheat and rye contain their own phytases. It has been estimated 
that 50% of ingested phytate-phosphorous is absorbed in the intestine (Henry & Kon 
1945). The adverse effect of phytate on calcium absorption has been shown in humans 
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in whom the main dietary source was unrefined cereals. When the subjects were fed with 
a diet containing 92% extraction rate flour, calcium absorption was less efficient than 
when 69% extraction rate flour was given. The addition of phytate to the 69% extraction 
rate flour depressed calcium absorption further and this would be overcome by the 
addition of calcium (McCance & Widdowson, 1942). Although phytate is known to form 
complex with calcium, the view that it might lead to impaired calcium absorption has 
been challenged by studies in which its adverse effect could not be evident in man 
(Sandeberg et al. 1982) nor in animals (Graf & Eaton 1984). 
(9) Oxalate 
Oxalate is found in spinach, rhubarb, beetroot, peanut, cocoa, chocolate and tea. 
However, little published information is available on the amount of oxalate in Chinese 
food. The presence of oxalate in certain plants may interfere with the bioavailability of 
calcium in animals and in humans (Mcbean & Speckmann 1974; Kelsay, 1985). Oxalic 
acid in diet may form complexes with calcium to form insoluble salts and reduce the 
availability of calcium for absorption. In human studies, there is no significant difference 
between a high oxalate or a low oxalate diet on calcium balance (Kelsay 1985). 
However, there is evidence that consuming oxalate along with high level of dietary fiber 
may adversely affect calcium balance in human (Kelsay 1985). Fractional calcium 
absorption from calcium oxalate was only 10 士 4.3% when ingested alone, and 14 士 
6.3% when ingested with milk. The rates of calcium absorption were lower than that of 
milk (32.1 士 8.9%) (Heaney & Weaver，1989). A further absorption study in human 
using doubly labelled calcium showed that calcium absorbability from a calcium rich and 
low oxalate containing vegetable, i.e., Kale (40.9 士 10%) of the Brassica family (e.g., 
Chinese Kale, Choi-sum, and Pak-choi, etc.) was significantly higher than that of 
skimmed milk (32.1 士 8.9%) (P<0.025) (Heaney & Weaver, 1990). 
(10) Plant estrogen (phyto-estrogen) 
Certain non-nutrient compounds from plants 
lignans, resorcyclic acid and lactones, etc., 
such as isoflavonoids, tamoxifen, 
been identified to have estrogenic 
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property, which are classified as phyto-estrogens (Wilcox et al. 1990; Wahlqvist, 1992). 
legumes, clover, sesame and cherry, etc. are examples of edible foods 
estrogenic properties (Price & Fenwick，1985). In a recent study, 
postmenopausal women were fed with soya flour, clover sprouts and linseeds, vaginal 
cytology was improved including an increased vaginal maturation (vaginal maturation is 
a sensitive and specific indicator of estrogencity) and reduced serum follicular stimulating 
hormone level when compared to control women, the estrogenic effect was found similar 
to that of hormonal replacement therapy (Wilcox et al. 1990). Traditional Chinese diets 
are rich in plant foods such as rice, rye, sorghum, legumes, soya, bean curds and fruits, 
it is not known whether the lower incidence of osteoporosis among women in Mainland 
China is partially attributable to a higher intake of phyto-estrogen containing plant foods. 
More research is needed to test the effect of phyto-estrogen on the integrity of human 
skeleton. 
2.2.7 Bioavailability from calcium salts 
It is generally believed that the degree of solubility is an important factor to determine 
calcium absorbability in various foods and calcium salts, and that gastric acid secretion 
is essential for absorption of insoluble calcium compounds (Nordin 1968; Allen, 1982; 
Avioli, 1988). Avioli (1988) suggested that there are four physio-chemical factors to 
determine the absorbability of calcium in the digestive tract, namely, (1) solubility of 
calcium compound in the acidic stomach, ironically, calcium is absorbed in the small 
intestine and to some extent in the colon; (2) reprecipitation of calcium from the acidic 
chyme upon pancreatic bicarbonate secretion in the small intestine; (3) complexation of 
calcium by anions in the neutral to alkaline environment of the small gut; and (4) the 
enclosure of calcium compounds in fecal matters which may limit its absorption at the 
gut mucosa. 
Physically, calcium carbonate is highly soluble at pH 6 or less, its solubility is 
proportional to gastric hydrochloric acid secretion. In the absence of acid secretion, 
calcium carbonate is insoluble. Calcium phosphate is only soluble with gastric pH below 
4. Calcium phosphate like calcium carbonate, is virtually insoluble without gastric acid 
secretion, and the solubility is proportional to the amount of gastric 
Calcium citrate has a high solubility at pH below 4，solubility progressively 
pH goes up. However, at any level of gastric acid production, calcium citrate has a 
higher solubility than calcium carbonate. Moreover, soluble calcium citrate may form 
complex with citrate; thus reducing the amount of optimally absorbable ionic calcium 
because less ionic calcium is available. Foods that enhance gastrin and gastric acid 
secretions, e.g., meat and milk may increase the solubility of calcium salts. Calcium 
citrate is likely to give an equivalent amount of ionic calcium as calcium carbonate 
despite its superior solubility owing to the opposing action of anionic complexation. 
Thus, calcium carbonate probably offers similar calcium absorbability as calcium citrate 
in normal young adults with normal gastric acid secretory function (Avioli, 1988). 
Calcium phosphate probably offers the least ionic calcium because of reprecipation. The 
above speculations are based on the hypothesis that ionic calcium alone is absorbed 
(Avioli, 1988). 
In fact, the general assumption about the role of solubility on absorption has not been 
adequately tested. A recent study has also shown a surprisingly high absorbability of a 
very insoluble compound - calcium oxalate. The belief that gastric acid is necessary for 
the absorption of water insoluble calcium carbonate has been disproved in two clinical 
studies (Bo-Linn et al. 1984; Recker, 1985). Heaney et al. (1990) employed a 
standardized doubly-labelled radioisotope technique in healthy adult women to compare 
the fractional absorption of 7 calcium salts, namely, bisglycino-calcium, calcium-citrate 
malate, calcium citrate, tricalcium phosphate, calcium carbonate, hydroxyapite, and 
calcium oxalate (in descending order of solubility). Solubility of the 7 calcium salts in 
water at neutral pH ranged between 1500 mM to 0.04 mM, the results showed that there 
were little differences in absorption between these calcium salts, with absorption figures 
varying from 10% for the least soluble calcium oxalate, 17% for hydroxyapite, 26% for 
calcium carbonate, 25% for tricalcium phosphate, 24% for calcium citrate, 25% for 
bisglycino-calcium, 36% for calcium-citrate malate, and 44% for bisglycino-calcium. In 
other word, there was only a difference of 34% across a solubility range spanning 5 
orders of magnitude. This finding indicated that though the solubility of a calcium salt 
is related to its absorbability, the association is relatively weak. Sheikh et al. (1987) also 
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observed a very weak relationship between solubility of calcium salts and their 
absorbability. The results of these in vivo studies seem to indicate that solubility is not 
a prerequisite for absorbability or most calcium salts are equally soluble in the intestinal 
lumen (Avioli, 1988; Heaney & Weaver，1989; Heaney et al. 1990). On the other hand, 
some relatively absorbable salts such as calcium citrate and calcium citrate malate, binds 
its calcium cations relatively tightly, which may partially explain why its absorbability 
is not proportional to its solubility (Heaney et al. 1990). 
It is true that some insoluble calcium compounds are soluble in gastric acidic 
environment. However, the process of absorption does not begin in the stomach but in 
the small intestine, and mainly at the mucosa of the jejunum and ileum where the pH is 
commonly above 6.5. Under these conditions, most ionic calcium may re-associate and 
re-precipitate to different degrees, and the extent to which it happens is not known, and 
there are many cations in the intestine that may form complexes with calcium. Therefore, 
in vitro studies may not be relevant, whereas in vivo isotopic absorption studies will 
provide a clue to the absorbability of various calcium compounds. The notion that 
absorption of calcium ions takes place as a free, dissociated, charged ion may be partly 
true but there is evidence that calcium citrate, bisglycino-calcium and calcium oxalate are 
absorbed as an intact complex (Heaney et al. 1990). 
There is also good evidence to show that calcium absorption efficiency is enhanced when 
calcium salt is taken with food or meal (Heaney et al. 1989; Heaney & Weaver 1989). 
It may be due to the fact that coingestion of food may slow down gastric emptying; thus 
allowing more time for calcium to be exposed to the gut mucosa for absorption. 
2.3 Calcium intakes and requirements 
Many nations recommend specific amounts of calcium as reference intakes for the normal 
healthy populations. Recommended Dietary Allowance (RDA) of calcium is the quantity 
of calcium to be consumed on a regular basis to maintain health and to prevent calcium 
deficiency diseases. The formulation of the RDA takes into account the known 
environmental dietary and morbidity characteristics of the nation concerned. The RDA 
of a nutrient is a value derived from the mean requirement plus two standard deviations. 
The idea of including two standard deviations is to cover the requirements of the vast 
majority of the population, i.e. to cover those in the normal population with higher 
requirements. Thus, the RDA is a value beyond the mean requirement of the population 
concerned. Therefore, one should be cautious to use the RDA as well as to apply it from 
one particular ethnic group to another. Table 2.1 shows the calcium RDAs recommended 
in different countries. Furthermore, the scientific basis on which national RDA figures 
are based also needs careful scrutiny. Calcium intakes of the world populations vary a 
great deal. In countries with dairy farming, average calcium intake may be as high as 
lOOOmg/d or even higher, whereas in communities where animal milks are not available 
or not traditionally consumed, habitual calcium intakes are often below 500mg/d 
(FAOAVHO, 1962; Nordin & Marshall, 1988). Ironically, epidemiological data have 
shown that the incidence of osteoporosis is lower in some regions of the world where 
milk is not customarily consumed and therefore calcium intake is low (Zeegelaar et al. 
1967; Chalmers & Ho，1970; Prentice et al. 1992). No convincing data have shown that 
populations consuming habitually lower calcium diets perse would hamper general health 
and bone growth (Walker, 1972; Kanis & Passmore, 1989a; 1989b; Lee et al. 1993b) 
except individual cases of rickets occurring in African children associated with lifelong 
extremely low calcium intakes (Pettifor et al. 1978; Eyberg et al. 1986). 
FAO/WHO (1962) realised that most of the data for setting calcium recommendations 
in adults were derived from balance studies, and most of which were predominantly 
performed in higher calcium intakes individuals; therefore, the results derived from 
balance studies were considered of little use in determining minimum calcium 
requirements. In addition, due to the inherent bias of the results obtained from classical 
balance studies, FAO/WHO (1962) did not refer to the results from calcium balance 
studies for the establishment of calcium recommendations. The Committee also 
considered it is probably that the skeletal size varies directly with the minimum calcium 
requirements, and that physical activity may influence calcium requirements because a 
higher level of physical activity will lead to a heavier skeleton (FAOAVHO, 1962). 
FAO/WHO (1962) considered that there is a lack of evidence to recommend minimum 
calcium requirements. Furthermore, evidence of disorders primarily attributed to calcium 
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deficiency in populations subsisting on calcium diets ranging from 300-400 mg/d is 
unequivocal. Therefore, FAO/WHO (1962) recommended calcium intakes for children 
in a range between 400 to 500 mg/day. The committee considered calcium intakes in this 
range is safe. However, if intake below this level might carry some risks of deficiency. 
In the Western societies, most of the estimation of calcium requirements are based on 
balance studies of higher calcium intake individuals (Nordin & Marshall, 1988). Such 
estimation does not address the ability of the body to adapt to various levels of calcium 
intakes (Kanis & Passmore, 1989a & 1989b; Lee, 1994). The U.S. RDA for calcium has 
been traditionally set at two standard deviations above the mean requirements, which 
aims at providing a wide margin of safety above the needs for the majority of the 
population in the U.S. (Guthrie, 1989). It is believed that an ample food supply in the 
U.S. should be able to meet the escalated requirements without difficulty (British 
Nutrition Foundation, 1989). Consequently, the levels of RDA for calcium in the U.S. 
may be inflated and may not necessarily indicate the actual mean requirements of the 
population. In the U.S., there is also a suggestion to further increase the current calcium 
RDA (800 mg/d) by about 50% during early adulthood as a prophylactic means to reduce 
the risk of developing osteoporosis (National Institute of Health, 1984). In fact, the 
amount of calcium required to maintain positive balance depends on previous calcium 
intakes, and a high habitual calcium intake requires higher requirement of calcium to 
maintain positive balance (Council on Food & Nutrition, 1963; McBean & Speakmann， 
1974). Due to this adaptive response, calcium requirements cannot be simply determined 
by estimating positive calcium balance at various levels of intakes over a relatively short 
period of time, unless the period of the balance study is sufficiently prolonged such that 
full adaptation can be assured. Therefore, estimation of calcium requirements based on 
a sudden decrease in calcium intake as found in most traditional balance studies is liable 
to errors (Kanis & Passmore，1993a). Today, with an advancement in the technique of 
non-radioactive stable isotopes (Eastell et al. 1989), calcium requirements can be 
determined in individuals from infancy to elderly with self-selected diets without the 
shortcomings incurred in traditional balance studies (Eastell et al. 1989; DeGrazia et al. 
1965). 
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2.3.1 Calcium requirements in adulthood 
The RDAs for calcium varies from 400 mg/d (FAO/WHO, 1962) to 800 mg/d (National 
Research Council, 1989) (Table 2.1). Calcium RDAs in adults are determined by the 
amount of calcium needed to promote consolidation of the skeleton after cessation of 
linear growth, and to compensate for obligatory losses in the intestine, kidney and skin. 
Early studies in adults accustomed to low calcium diets shows that humans are capable 
of adapting to a low calcium intake by enhancing intestinal calcium absorption and 
reducing urinary calcium excretion (Hegsted et al. 1952; Malm, 1958; Heaney et al. 
1975). The success of adaptation is mediated by an increased serum level of parathyroid 
hormone and vitamin D to facilitate the uptake of calcium in the intestine (Hegsted et al. 
1952; Norman et al. 1981; Norman, 1990)，and to reduce obligatory urinary calcium 
excretion (Matkovic et al. 1990; Hegsted et al. 1952; Begum & Pereira，1969). When 
subjects accustomed to daily calcium diet of about 1000 mg, a sudden reduction of 
calcium intake by half would lead to negative balance, although full adaptation occurred 
with positive calcium retention several months later (Malm, 1958). As mentioned before, 
very few current calcium RDAs are based on balanced studies in populations with life-
long low calcium intakes (FAOAVHO, 1962). 
Furthermore, as mentioned in a previous section, calcium requirements can be modified 
by dietary factors such as habitual calcium intake, complex sugars, oxalic acid, phytic 
acid, etc. In addition, high intakes of protein and sodium are proven to induce a higher 
urinary calcium loss. In fact, in affluent societies a greater allowance of calcium intakes 
is recommended because of the high consumption of animal protein and sodium (Weaver 
& Plawecki, 1994). In summary, determinants of calcium retention are multifactorial, 
with a complex interaction between genetic, dietary and other lifestyle factors. As a 
result, caution should be exercised when adopting recommendations which are based on 
specific ethnic populations with specific food cultures and life-styles. 
2.3.2 Calcium requirements in childhood 
Calcium recommendations for children around the world vary from 350mg/day to 
800mg/day (Table 2.1) reflecting that there is no uniform approach among the expert 
groups to establish calcium recommendations for children. In children and adolescents, 
calcium requirements are mainly determined by two major factors namely, the rate of 
calcium absorption and the daily skeletal calcium accretion (National Research Council, 
1989; Department of Health, 1991). The U.S. RDA assumes that calcium absorption in 
Caucasian children is less than 40% (National Research Council, 1989). Furthermore, 
two recent absorption studies in Caucasian adolescents demonstrated that calcium 
absorption of adolescents are no different from their adults (less than 40%) (Smith et al. 
1987; Miller et al. 1988). In contrast, earlier balance studies in low calcium intake Indian 
and Sri Lankin children have shown that children could adapt to a calcium intake at 
around 300mg/d and were able to maintain positive calcium retention (Nicholls & 
Nimalasuriya, 1939; Begum & Pereira, 1969). The net calcium absorption of rural Indian 
children subsisting on a diet as low as 200mg/d could reach about 50%, and the urinary 
calcium loss was at minimal (Nicholls & Nimalasuriya, 1939; Begum & Pereira，1969). 
These absorption studies suggest that there may be ethnic differences in calcium 
absorption. The capability of enhancing calcium absorptive efficiency in some ethnic 
populations may be inherited from their ancestors who might have adapted successfully 
to low calcium diets for many generations (Norman, 1990; Lee, 1993). 
An estimation of daily calcium increments in the skeleton is another key factor in 
evaluating calcium requirements in growing children. There is evidence to support that 
there are ethnic differences in bone mineral accretion in children and adolescents 
(Gilsanz, 1991). Several expert groups (National Research Council, 1989; Chinese 
Nutrition Society, 1990; Department of Health, 1991) devised calcium RDA for children 
based on the predictive values of daily skeletal calcium increments using the 
anthropometric data of Leitch & Aitken，(1959). This study was based on 19 infants and 
some adults as well as a group of British children and adolescents who attended private 
and public schools in 1930"s (Leitch & Aitken，1959). One of the major pitfalls in this 
study is an assumption that calcium increments in the skeleton at different ages are 
proportional to the percentage increments in body weight during growth. In addition, 
these calculated values also relied on an estimation of skeletal calcium content derived 
from a limited number of young individuals at post-mortem. The authors assumed the 
birth weights for boys and girls to be 3.5 and 3.3 kg respectively, and 
adult weights of 70 and 67 kg for boys, and 63 and 60 kg for girls respectively, 
these data of Leitch & Aitken，(1959) may no longer be valid because the estimation of 
daily skeletal calcium increment based on many assumptions and a limited sample size. 
In addition, variations of skeletal calcium increments of the study sample were not given 
in the report. 
Given the fact that the skeletal size of the Chinese is in general smaller than that of the 
Caucasians (Garn, 1964)，it follows that the annual deposition of calcium in the skeleton 
during growth in the Chinese children and adolescents would also be lower in 
comparison. As a result, the daily bone mineral accretion rate in Chinese children may 
be less than the Caucasian children and adolescents. Therefore, the values derived from 
Caucasians may not be applicable to Chinese populations. As a result, enhanced rates of 
calcium absorption together with seemingly less daily bone mineral accretion in the 
Chinese children, the requirements of calcium for Chinese children may be lower than 
those recommended for American children (National Research Council, 1989). 
2.3.3 Manifestation of calcium d_ency in children 
In adults, if there is a chronic insufficiency of calcium intake, calcium will be resorbed 
from the skeleton which is a calcium reservoir, into the extracellular fluid to maintain 
its concentration such that the vital processes can be maintained (Schaafsma, 1988; 
British Nutrition Foundation, 1989). There is no unequivocal evidence of frank 
osteoporosis in adults directly attributable to a low calcium diet. Calcium, phosphorus 
and other essential nutrients required for normal growth and bone development in 
childhood are entirely derived from the diet. A net influx of calcium into the skeleton 
predominates during childhood bone growth. Therefore, skeletal calcium of healthy 
children plays a less active role in restoring serum calcium concentration under acute 
adverse circumstances (Schaafsma 1988). It has been documented that children suffering 
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from severe protein-energy malnutrition resulted in both retarded growth and 
bone mineral resembling juvenile osteoporosis (Garn et al. 1964; Adam 
1969). The appearance of ossification centres which is an index of the 
development, is also delayed in these children (Adam & Berridge，1969). However, in 
chronic under-nourished children their diets are usually deficient in energy, protein and 
essential nutrients apart from calcium (Prentice & Bates，1994). 
There is no unequivocal evidence across cultures to support the contention that a 
persistently low calcium intake would retard bone growth and reduce bone mass in 
children (Prentice & Bates, 1994; Walker 1972). Population dietary surveys of healthy 
children in most developing countries are ranging between 200-400 mg/d which is 
believed to be close to the biological minimum requirement for skeletal calcium accretion 
in normal children (Prentice & Bates, 1994). Although the extent to which the children 
accustomed to low calcium intakes have adapted to their diets is not certain, positive 
calcium balance has been shown in children with calcium intake as low as 200mg/d 
(Nicholls & Nimalasuriya, 1939; Begum & Pereira，1969). Thus, such data imply that 
calcium absorption efficiency should be high and losses should be low in these children. 
However, there are reports of children with normal serum 25-hydroxyvitamin D3 
concentration manifesting with radiological rickets, growth retardation and biochemical 
signs of hyperthyroidism (Kooh et al. 1977; Pettifor et al. 1978 & 1979; Legius et al. 
1989; Pettifor, 1991). Hence, it is evident that children habituated to an extremely low 
calcium diet (<150 mg/d) rickets or osteomalacia may result (Pettifor et al. 1978 & 
1979; Legius et al. 1989). The clinical outcomes may be explained by the fact that 
growing children subject to extremely low calcium intake induces hyper-secretion of 
parathyroid hormone in an attempt to restore normal calcium homeostasis by mobilising 
calcium from bone, and a reduction in urinary calcium loss. Parathyroid hormone also 
increases renal phosphate excretion, together with hypophosphataemia, it stimulates the 
conversion of 25-hydroxyvitamin D3 to 1,25-dihydroxyvitamin D3. Consequently, 
hypocalcaemia, hypophosphataemia, hyperthyroidism, and an increased synthesis of 1,25-
dihydroxyvitamin D3 cause severe bone lesions. Supplementing calcium to the diet is 
sufficient to reverse the biochemical and radiological abnormalities (Pettifor et al. 1978 
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& 1979; Legius et al. 1989). Therefore, rickets can occur in the presence of extremely 
low calcium intake, normal vitamin D status and even with elevated plasma 1,25-
dihydroxyvitamin D3 concentration (Legius et al. 1989; Pettifor et al. 1978 & 1979). 
Children with marginally low calcium intakes manifested with hypocalcemia and raised 
alkaline phosphatase (hyperthyroidism) were found normalised after calcium 
supplementation (Pettifor et al. 1978 & 1979; Eyberg et al. 1986; Legius et al. 1989). 
Lower forearm bone mineral content adjusted for body size has been noted in low 
calcium intakes South African children, Gambian children, and our Southern Chinese 
children when compared to the higher calcium intake control subjects (Eyberg et al. 
1986; Prentice et al. 1990, Lee et al. 1993b). 
2.4 Assessment of Dietary Intakes 
An accurate and reproducible assessment of dietary intake for free living individuals is 
a difficult and labour intensive task. There are different methods for dietary assessment 
(retrospective or prospective) either on individual or population basis. One must realise 
that each method has its own advantages and inherent limitations. The selection of an 
appropriate method depends on the objectives of the survey, the characteristics of the 
sample population, the degree of accuracy and precision required for the nutrients 
studied, and of course, the availability of resources. The following sections include a 
detailed review on different quantitative dietary assessment methods, its advantages and 
limitations, and the methods suitable for the present study. 
2.4.1 Food weighing method 
Widdowson (1936) was the first to use weighed food records to document food intakes 
for free living individuals. The principles of this method have been extensively reviewed 
by Marr (1971). The assessment period usually lasts for seven days, the subjects weigh 
and record any individual food items immediately before eating. Edible food left over is 
also weighed. To weigh "cooked" food immediately before eating is a typical feature of 
this method (Widdowson, 1936). Nowadays, the subjects under this method of assessment 
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are usually provided with a digital electronic scale with a tare button to facilitate food 
weighing. The subjects read out directly the weight of an individual food while 
conducting additive weighing without the necessity of manipulation figures, and thus 
avoiding errors incurred (Marr 1971). With an introduction of digital electronic scale the 
accuracy of food weighing has been improved considerably (Bingham 1987). 
The subjects usually self-administer the food weighing procedures. Therefore, it is of 
paramount importance that the subjects understand the method prior to the 
commencement of the study. Instructions and practices of weighing and recording need 
to be provided prior to the study. Furthermore, sufficient supervision during the study 
is a prerequisite to obtain accurate and reliable data. Hence, home visits are normally 
arranged during the study period to ascertain that the procedures are carried out properly 
(Bingham 1987). Maintaining usual dietary habits throughout the study period should be 
emphasised to the subjects (Marr 1971). Composite dishes with mixed ingredients are 
difficult to weigh out separately, e.g, for a piece of home-made apple pie, the subject 
will be instructed to weigh out the raw ingredients, namely, flour，margarine, sugar, 
apple and water used in making the pie. A precise portion or an average portion of the 
cooked pie taken by the subject will be weighed out before eating. The weights of food 
ingredients eaten will be evaluated by weighing the raw ingredients before cooking and 
the total number of portions equal-in-size yielded after cooking. Subjects eating away 
from home will be asked to give a full description of foods eaten, and the place of 
purchase. Then, a particular food of similar portion size will be purchased from the 
restaurant or shop, and the food will be weighted out. 
A period of 7-day would be adequate to carry out weighed intake survey (Marr, 1971). 
A period less than 7-day might underestimate the daily variations. If the study period is 
more than 7-day, there might be a lack of cooperation and motivation from the subjects. 
McCance et al. (1940) commented that statistically speaking, a week is quite sufficient 
to distinguish a big eater from a small eater. 
There are some limitations of the food weighing method, when a subject is asked to 
weigh and record what he/her eats, there is a risk that the subject probably alters his 
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eating habits, either subconsciously, or attempting to simplify the task, or feeling uneasy 
to be aware of the eating habits, or trying to impress the researcher (Bingham 1987; 
Morgan et al. 1978). Trulson & McCann (1959) commented that food weighing method 
would alter food intake. Huenemann & Tunner (1942), and Yudkin (1951) concluded that 
a single weighed intake survey cannot be considered "typical" of a subject"s food intake 
over a long period of time. Ohlson et al. (1950) reported that the estimation of food 
intake was higher when measured by 24-hour recalls in three separate periods as 
compared to 10 days weighed intake. The authors attributed the low intake to the reduced 
dietary intake from the subjects in order to avoid such time consuming procedure. Van 
Staveren & Burema (1989) also commented that the use of weighed intake method for 
observational studies in large population is too cumbersome and time consuming. 
2.4.2 Food Recording Method 
Youmans et al. (1942) assessed mean food intakes in a group by using standard cups, 
teaspoons and tablespoons, etc. The capacity of these measures had been standardized to 
a reference standard. The amount of food such as bread, cake, meat and biscuits, etc., 
were determined by measuring their dimensions. Fruits and vegetables either raw or 
cooked were recorded. The size of an apple, an orange, a potato and a tomato, etc., was 
designated as large, medium, or small by referring to the standard portion size described 
in food composition tables. The subjects would practise food recording before the study. 
Standard record forms for food recording will be supplied to each participant. 
Home-visits are arranged during the study period to ensure that the recording procedures 
are carried out properly (Marr, 1971). 
McHenry et al. (1945) assessed the reliability of the 7-day food record every first week 
during a 12-month study period. The - authors indicated that there were substantial 
variations in nutrient intakes which were attributable to personal and seasonal factors. 
They suggested that a 7-day record was less reliable in populations with free choice of 
food. Like food weighing method, subjects participating in this type of dietary survey 
may alter their eating habits because they are aware of what they eat (Marr 1971). The 
errors incurred in describing portion size and recording errors are always implicated in 
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this type of dietary survey (Bingham 1987). 
2.4.3 24-hour dietary recall 
During a 24-hour dietary recall the subject will be asked to give a full description of food 
and drinks consumed in the previous 24 hours (Marr，1971). Estimation of food intake 
is assisted by referring to the size of a food model or general household measure. Food 
models and general household measures such as various sizes of cups, glasses, bowels 
and spoons etc., are on display to assist the description of food. 
A review on the variation in mean energy intake by comparing a 24-hour recall and a 
7-day food recording method showed that the coefficients of variation between the two 
methods varied from seven to 40%. It was concluded that a single 24-hour recall gives 
unacceptable large errors to either food or nutrient intake (Bingham, 1987). Other 
authors also reported that a single 24-hour recall was consistently found to under estimate 
food intakes (Trulson 1954; Acheson et al. 1980; Bull & Wheeler 1986). Linusson et al. 
(1974) validated the 24-hour recall method with food weighing technique. They 
concluded that 24-hour recall was fairly accurate to estimate qualitatively the mean intake 
of a group, and it was not accurate to estimate quantitatively food intake. Bingham 
(1987) also examined the day to day variation of calcium intake in individuals when using 
the 24-hour recall method. The coefficient of variation of food intake was approximately 
L 7-day period. And she commented that the method may require three to 15 
24-hour recalls to estimate with sufficient statistical confidence the habitual 
intake. 
Although a single 24-hour recall is of limited use to characterize individual food habits, 
and that the method is not an accurate means to estimate usual intake. In population-
based observational study, the effects of random errors incurred in 24-hour recall may 
be reduced by increasing the number of subjects or the number of recalls (Van Staveren 
& Burema 1989). 24-hour recall method has been used extensively in population 
epidemiologic studies due to the simplicity of the procedures a relative shorter time for 
interview (Van Staveren & Burema 1989). In fact, if the subjects are co-operative, 
repeated 24-hour over a specified period of time may help to develop a current dietary 
pattern. 
2.4.4 Food frequency method 
Wiehl & Reed (1960) suggested the use of a food frequency questionnaire in 
epidemiologic studies of cardiovascular diseases. Their questionnaire consisted of a short 
list of selected food items, and the record was only an qualitative estimate of variation 
in eating habits. The results of food intakes were rated into four to five categories to 
identify the big and small eaters. No attempt was made by the authors to quantitate food 
intake. The authors believed that if the method could differentiate a group of individuals 
as either "user" or "non-user", or "frequent" or "infrequent" user of selected foods, then 
such characteristics could be used to test disease association. Simplicity and short 
duration are the remarkable features of food frequency questionnaire. Stefanik & Trulson 
(1962) described their questionnaire requiring 20-35 minutes to conduct in which a 
nutritionist asked the subjects how often they ate 41 food items. Abramson et al. (1963) 
also tried to raise questions on frequency and quantity of food consumption by including 
household measures and food samples in their 30-minutes long frequency questionnaire. 
Different formats of frequency questionnaires have been developed either for 
self-administration or completion by an interviewer in a interview (Bingham, 1987). 
Nowadays, a number of questionnaires have been devised to estimate intake quantitatively 
(Epstein et al. 1970) with an aid of food samples or photos to help estimate portion size 
(Hankin et al. 1975; Jain et al. 1982). 
Cummings et al. (1987) compared calcium intake assessed by 7-day records to that 
obtained by a frequency questionnaire, using a list of different food items high in 
calcium. Correlation coefficients between the two methods were 0.76，0.75 and 0.67 
respectively when either five, 10 or 15 food items were included. However, this study 
was conducted in a U.S. population whose calcium intakes are largely contributed from 
milk. It is obvious that an inclusion of multiple questions on milk and its products would 
capture a majority of calcium in the diets in countries where dairy products are 
commonly consumed. Johnson (1989) reported that a inclusion of a list of 18 food items 
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was necessary to estimate calcium intake in Asian-American. She also concluded that 
Asians rarely consume as much dairy products as Caucasians. Most of the dietary 
calcium of Asians comes from non-dairy sources. Therefore, an indiscriminated adoption 
of a food frequency questionnaire without understanding the similarities and discrepancies 
of the food habits between the population from which the questionnaire was based and 
the targeted population to be investigated is liable to erroneous estimations. 
The method of food frequency questionnaires has been the most frequently used dietary 
assessment method in large scale epidemiological surveys. Quantitative estimation of its 
accuracy to assess all nutrient intakes has not been obtained successfully because this 
method was primarily designed to assess the intake of a specific nutrient or food, rather 
than the intake of all nutrients (Bingham 1987). Epstein et al. (1970) reported that a 
correlation of 0.57 or less between a questionnaire and a standard dietary history for 
individuals with varied diets, the questionnaire underestimated energy intake by 27%. 
The authors commented that their questionnaire was not suitable for evaluation of 
quantitative dietary intakes. Abramson et al. (1963) reported correlation coefficients of 
0.41 and 0.61 for two food items when comparing the results obtained from food 
frequency method and food recording method. The frequency questionnaire derived by 
Browe et al. (1966) gave consistently lower average intakes when the results were 
compared with a standard diet history administered by a nutritionist. Stuff et al. (1983) 
commented that there was a poor agreement between results of calcium intake obtained 
from food frequency questionnaire and those from a 7-day food record because 
correlation coefficients for dietary intakes ranged from 0 to 0.24. Yarnell et al. (1983) 
stated that food frequency questionnaire would not completely replace the need for 
detailed studies of individuals in epidemiology. Correlation coefficient between their 
questionnaire results and those from a 7-day weighed record for the nutrients assessed 
ranged from 0.27 to 0.41. To summarise, a lack of agreement between measured dietary 
intake and that estimated from a questionnaire has been a consistent finding in using food 
frequency method (Bingham 1987)，and there is no short cut to assess dietary intakes of 
individuals (Bingham 1987). 
There is a minor shortcoming of the food frequency questionnaire that is it does not 
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provide a time-frame of meal patterns as the subject goes through the questions. As a 
result, the subject may under-report or over-report some foods. To overcome this 
shortcoming, the subject has to be instructed to keep in mind when and where he took 
a particular food in addition to reporting the frequency and amount of food intake. 
2.4.5 Dietary history method 
Burke (1947) used dietary history method to assess dietary intake. During an interview, 
the respondent was asked about the usual eating patterns at meal times and in between 
meals. Food consumed was recorded in common household measures. Questions like 
"What do you usually eat for breakfast?" are followed by further questioning to include 
xiaily variations until a full picture of food variety was obtained for breakfast. The 
portion size of food was all also recorded in its own size or household measure. The 
interview continued in this way until a comprehensive collection of different kinds of 
food and their variations were recorded. The dietary history record was subsequently 
cross checked with a list of food groups, the respondent was asked the frequency and 
quantity of a food that was taken over a specified period of time. Burke (1947) 
commented that the accuracy of the method is greatly improved with a final cross check. 
Dietary history method is mainly used to evaluate habitual intake among individuals. 
Reed & Burke (1954) measured the validity and reliability of their dietary history method 
undertaken in 103 children under 6 years of age. They concluded that dietary history 
method was a useful tool to determine average nutrient intake. Bingham (1987) concluded 
that dietary history offers a major advantage over the methods of food record or food 
recall in a relatively long period of time. Furthermore, errors incurred due to time 
variation (i.e. daily, weekly, or seasonal) will be minimised if the assessment is 
undertaken at one setting. Huenemann & Turner (1942) undertook a dietary survey with 
21 adolescents and children whom are required to keep weighed intake record for six 
weeks. Average nutrient intake from the weighed record was compared with the results 
of the dietary history method. The authors suggested that a 6-week weighing method was 
sufficient to validate the dietary history method. The coefficients of variations between 
the two methods were 11%, 16%, and 19% for energy, protein and calcium respectively. 
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The regression coefficients of energy, protein and calcium were 0.50, 0.7 and 0.97 
respectively. Therefore, the dietary history method is reasonably accurate in assessing 
the habitual intake of an individual. There are a few studies to compare dietary history 
with weighed intake or food record method. Very few comparative studies were carried 
out with sufficient time to validate the accuracy of dietary history method. A sufficient 
length of time is needed as dietary history method was primarily designed to evaluate 
usual intakes of individuals. Furthermore, the extent of changing food habits during food 
weighing or recording period needs to be examined by using biological markers to 
estimate the percentage of variations before validation of dietary history method may be 
properly conducted (Bingham 1987). 
2.4.6 Chemical analysis of duplicate meals 
Chemical analysis of duplicate portions of food gives the best estimation of dietary 
intake. Subjects are provided with a number of containers and are required to keep 
weighed duplicates of food for a specified period of time. A record of weighed food was 
kept by the subject. Home visits are necessary to resolve any problems the subject may 
encounter during the survey. However, analytical results obtained from this method were 
consistently found to be lower than those obtained by daily recall, weighed intake or food 
frequency method (Bull & Wheeler 1986). Duplicate collection of food are criticized as 
more burdensome than just weighing the food alone, this method is more suitable for 
controlled metabolic studies which determine the effect of food or nutrient intake on 
physiological outcomes over a specified period of time. One must be aware that this 
method does not necessary reflect the usual eating habits of a free living individual 
(Bingham 1987, Akesson et al. 1981). 
2.4.7 Photographic method 
Assessment of food intake by photography was suggested by Elwood & Bird (1983). A 
camera is set up in the subject"s home, photographs were taken in front of the subject 
when he is going to eat. This is a simple method for the subject, a set of reference 
pictures with various sizes of food was used to estimate the weight of food consumed. 
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However, the authors also noted that this method alone cannot provide information on 
the cooking method, use of added sugar, salt, sauces and oil, etc., as well as 
reconstitution of beverages. Besides, it cannot assess food intake when the subject is 
eating away from home. Therefore, it may not be suitable for use in free living 
individuals. In addition, the method is expensive and time-consuming to collect detailed 
dietary data in any large observational surveys, it is also labour intensive and time 
consuming in transporting and setting up the equipment in the subject、home. 
Furthermore, it is tedious to train field workers and to prepare reference photos for food 
portions. Hence, this method has not been extensively used in large population surveys. 
2.4.8 Selecting suitable methods for the present study 
The objective of dietary assessment in the present study was to evaluate the baseline 
habitual energy and nutrient intake of 7-year old Chinese children in two different 
regions (Hong Kong and Jiangmen of China) in particular calcium intake. Beaton (1989) 
concluded that "there is no perfect dietary methodology. However, there are preferred 
methods for defined purposes，the task is to match the method and purpose. “ After 
reviewing the pros and cons of different dietary assessment methods it seems that any 
method has its own advantages and limitations. An accurate and unbiased estimation of 
habitual dietary intakes is difficult to obtain (Bingham 1987). In order to select a most 
appropriate method for use, one has to consider the objectives of the study, the 
characteristics of the study subjects, the degree of accuracy in nutrient estimation, and 
In Hong Kong, foods of great variety and restaurants with international cuisines in 
reasonable prices are widely available, and eating-out is very common. Our previous 
nutritional studies have shown an affluent pattern of contemporary dietary intakes of 
Hong Kong children, adolescents and adults (Lee et al. 1993b, Lee et al. 1994, Ko et al. 
1995). There is a greater variety of food intake and daily variation of eating pattefns 
among Hong Kong children. In addition, many children continue to consume dairy foods 
throughout childhood and hence giving a wider variation in calcium intake (167-2689 
mg/d) (Lee et al. 1993b). Therefore, dietary history in combination with a food 
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frequency questionnaire and cross-checked with a 24-hour recall, which aims to assess 
habitual dietary intake of individuals over a longer period of time and allowing for daily 
and weekly variation of food intake, will be suitable to assess dietary intake of Hong 
Kong children. 
In Jiangmen, on the other hand, foods are usually produced locally. Although imported 
foods are increasingly available in the market, Jiangmen children still follow the 
traditional rice and vegetable based Chinese diet. There are less varieties of foods and 
the diets are less westernized than the Hong Kong children (Lee et al. 1993b). Most 
children consumed little milk and milk products and their choices of calcium rich food 
were limited, the range of calcium intake of 5-year old Jiangmen children was narrowly 
confined to 165-299 mg/d (Lee et al. 1993b). In a recent dietary survey of 7-year old 
school children in Jiangmen using a 5-day weighed intake method revealed that the mean 
(SD) calcium intake of 7-year old Jiangmen children was only 279 mg/d (range: 134-504 
mg/d). Milk drinking was not a common practice, green leafy vegetable was their chief 
source of calcium (Wang & Xu, unpublished results). Our collaborators -Drs. SF Wang 
and YC Xu of Guangzhou, China are experienced in using prospective food weighing and 
food recording methods to conduct dietary surveys in Mainland China (Lee et al. 1993b). 
They are also national collaborators responsible for conducting nationwide dietary survey 
in China. Although it is better to use the same dietary assessment method for the two 
trials in the current study, appropriate dietary assessment methods should be selected 
because food habits of the targeted populations are basically different. Furthermore, the 
children in Jiangmen have a less varied dietary pattern; hence, a 5-day food record 
method will be a suitable method of choice for assessing usual dietary intakes of children 
in Jiangmen. 
2.5 Food composition database 
Nutrient analysis from most dietary surveys is dependent on food composition data base, 
unless food is analyzed chemically. A good quality food composition data base provides 
an accurate estimation of nutrient intakes. Ideally, each country or region should develop 
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a local food composition data base comprising food items available in the region, the data 
base should include local food or imported food. However, the values of nutrient contents 
of one food item from a food data base may be different from other one (Bingham 1987). 
The discrepancy may be due to geographic variation in soil minerals, variation in feeds 
for live stock, difference in breeds of plants or animals, variation in sampling 
procedures, and methods of chemical analysis, etc. An indiscriminate use of foreign food 
data base to analyze nutrient content in local food might incur errors in result. For 
example, the flour used in the United Kingdom is fortified with calcium (Paul & 
Southgate 1978), the use of a British food composition data base to calculate calcium 
content of bread baked in Hong Kong would over estimate its calcium content. 
In Hong Kong, comprehensive food composition data base based on local foods is not 
yet available. As most of the food in Hong Kong are imported from abroad, mainly from 
China, Australia, South East Asia and USA. To compile a food data base with nutrient 
data derived from other well established food tables for use in Hong Kong is an 
alternative at this stage until a local food data base is available. To select appropriate 
food items to compile a food data base requires careful consideration. One should be 
aware of the places of origin of the imported food, the characteristics of agricultural 
practices in those countries, the sampling procedures and the analytical methods used for 
chemical analysis. In addition, some local Cantonese food or dish may not be included 
in the Mainland Chinese or foreign food composition data base, e.g., dim sum, 
barbecued pork，and rice congee, etc. Therefore, it is necessary to include nutrient values 
of these typical Chinese foods commonly available in Hong Kong. The Growth and 
Nutrition Research Team at the Department of Paediatrics, The Chinese University of 
Hong Kong has complied a food composition database for calculating dietary intakes. The 
data base is based on food composition tables from China (Institute of Nutrition and Food 
Hygiene, 1991), USA (Pennington, 1989; Watt & Merrill, 1983)，UK (Paul & Southgate 
1978)，South-East Asia (U.S. Department of Health, Education and Welfare, 1972)， 
Australia (Department of Community Services and Health, 1991) and Taiwan (Tung et 
al. 1961). In addition, analytical data of some commonly used local food are obtained 
from the government chemist, and product information from food manufacturers. 
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In Jiangmen，virtually all the food consumed are produced in Guangdong or other parts 
of China. Therefore, it is appropriate to use the local food composition data base 
(Institute of Nutrition and Food Hygiene, 1991) 
nutrients of the study children in Jiangmen. 
the intake of energy and 
2.6 Evaluation of bone mass in vivo 
Introduction 
Over 99% of total body calcium is stored in the inorganic bone matrix in the form of 
calcium hydroxyapetite. Therefore, the development of instruments to quantify bone 
mineral in vivo would also provide a useful means to study body calcium status. 
Determination of bone mineral content by bone biopsy is not practical in repeated clinical 
assessment and in population studies (Sorenson & Cameron, 1967). 
Visual examination of the image of bone in radiographic films was commonly used in the 
1950"s to determine bone density. However, this technique does not provide quantitative 
data. The precision of measurement is poor due to quality variations in film exposure and 
development. Inconsistent interpretations may result if judged by different observers 
(Bland et al. 1969). Moreover, this technique is insensitive because it is unable to detect 
changes in bone mass before a 30% change occurs (Lachmann 1955). Therefore, a more 
reliable and sensitive in vivo technique is required to detect small changes in bone 
mineralization. 
The developments of advanced techniques in radiogammetry，single photon 
absorptiometry, dual energy x-ray absorptiometry and quantitative computed topography 
from 1960"s to 1980"s have provided different non-invasive means to determine bone 
mineral mass at selected skeletal sites or the whole body. Apart from the evaluation of 
bone mineral status, the measurement of bone mineral has a variety of applications, such 
as to set up normal values of bone mineral content in populations (Mazess & Cameron, 
1974; Mazess & Mather 1974; Hsu et al. 1987); to provide an adjunct to aid clinical 
diagnosis, and to monitor the treatment program 
osteomalacia and rickets (Horsman et al. 1977; Recki 
1977; Eyberg et al. 1986) and to monitor drug effects 丨 
steroids and growth hormone (Adinoff & Hollister r 
2.6.1 Single photon absorptiometry (SPA) 
et al. 1977 
1 bone metabolism 
；3; Shore et al. 1980) 
In 1963，Cameron and Sorenson developed the technique of SPA to evaluate bone 
mineral in peripheral cortical bone. The technique of SPA was primarily developed to 
measure the mid-shaft of the radius where mainly comprises cortical bone. SPA is a non-
invasive, accurate and highly reproducible technique in quantifying bone mass in 
peripheral bone (Sorenson & Cameron, 1967; Steichen et al. 1988). A beam of 
collimated monochromatic photon is emitted from an radionuclide beneath the 
measuring deck, a collimated scintillation detector which counts the attenuated photons 
is placed over the bone. The scintillation detector and the source traverse the bone 
simultaneously, the amount of photon attenuated by the bone mineral is greater than that 
by the surrounding soft tissue. An absorption curve is integrated from the attenuated 
photon counts and the integrated surface area under the absorption curve is proportional 
to the amount of BMC contained in the narrow strip of the bone being scanned. 
Christiansen & Rodbro (1975) demonstrated that BMC in the distal forearm is well 
correlated with the total body calcium. Cohn et al. (1974) compared the value of total 
body calcium measured by total body activation analysis and the value obtained from 
BMC measurement of the forearm. The correlation coefficient was as high as 0.97. 
Therefore, the BMC at the forearm is a reasonably accurate estimate of total body 
calcium. In addition, the forearm is a convenient site for measurement, and is easy to 
relocate for repeated measurement. Thus, it increases the reproducibility of measurement. 
Radial BMC was measured at the junction of the distal one-third distance between the 
mid-point of the styloid process and the proximal two-thirds distance from the tip of the 
olecranon of the right forearm where the bone is uniformly cylindrical and mainly 
consists of cortical bone (Cameron & Sorensen, 1963; Cameron et al. 1968). 
Furthermore, there is little problem of surrounding fat and soft tissue in this region to 
interfere with the measurement (Sorenson & Cameron 1967). The BMC and BW were 
measured in duplicates and mean values were taken. The � source is a weak 
radioactive source with maximum strength of 7.4 GBq (200mCi). The irradiation does 
not involve the vulnerable areas such as the gonads. A narrow cross-section of the 
forearm is exposed to the photon beam collimated to about 4.5 mm wide and the beam 
passing through the tissue is completely absorbed by the scintillation detector. The dosage 
of radiation to the forearm is very small, the maximum surface dose of radiation per scan 
is 20uSv (1 mSv=100 mrem), i.e. 40 uSv for each set of duplicate scans. And the 
integral dose actually received by the irradiated tissues is less than 10% of a conventional 
X-ray examination of the forearm. (DePriester et al. 1991). 
In my routine operation, the in-between scans precision error without repositioning of the 
subjects was 2.49% and 2.03% for BMC and BW respectively whereas the intra-class 
correlations between scans with subject repositioning was 0.937 for BMC and 0.906 for 
BW (Lee al al., 1993a). Such a degree of precision was achieved through excellent 
subject co-operation and comfortable subject positioning. The precision of measurement 
was comparable to those of other recent centers (Steichen et al. 1988). In addition, a 
randomly selected sub-group of children (n=10) were tested for intra-personal variation 
in BMC between the dominant and non dominant arm. Using paired t-test, there was no 
significant difference in BMC between the dominant and non dominant arm (t = 1.596， 
p < 0.05). 
As indicated in our recent study (Lee et al. 1993b), bone mineral density (BMD) 
determined by the technique of SPA refers to the ratio of BMC/BW, which in fact is an 
areal density because the true volume of the bone cannot be defined by SPA). Bone width 
(BW) comprises an unknown size of the medullary cavity which forms part of the total 
BW. Therefore, by dividing BMC by BW to derive BMC/BW, which is often used by 
some investigators to adjust for the variation in BW, assumes that the width of medullary 
cavity is a constant. However, the medullary cavity is not uniform among individuals. 
As a result of such a non-linear relationship, BMC/BW would underestimate bone mass 
of a child who has a wider bone. Furthermore, the rates of growth of BMC and BW 
were found not linearly related in young children (Prentice et al. 1990). Our longitudinal 
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data also showed that the growth of radial BMC was not directly proportional to the 
expansion of BW in 5-8 years old children (Lee WTK & Leung SSF, 1992, unpublished 
results). The use of the ratio of BMC/BW to correlate with variables such as weight and 
height would also weaken the correlation analysis because it deals with multiple 
comparisons. In fact, the confounding effect of BW on BMC determined by SPA can be 
adjusted in multiple regression analysis. 
2.6.2 Dual photon absorptiometry (DPA) 
DPA was developed in the 1970"s. DPA utilizes two levels of gamma rays generated 
from a Gadolinium source (a radioisotope), one for bone and the other for soft tissue to 
quantify bone mineral. The low energy photons penetrate only the soft tissue surrounding 
bone, whereas the high energy photons penetrate into both the bone and soft tissue. A 
scintillation detector detects the photons that passes through the body and the 
computerized analyzer detects the relative attenuation in the lower and higher energy 
regions of the radiation that allows the estimation of bone and soft tissue contents. By 
combining this result with the measurement of bone width, values of bone mineral 
content and bone mineral density can be derived. DA can only quantitate bone density 
in two dimensions (projected area of the measured bone at antero-posterior position), and 
the result is expressed as bone mineral content per unit area. Therefore, the true volume 
density of bone cannot be derived by this technique. In addition, DA provides an 
integrated measurement of the mainly trabecular region of the vertebral body and the 
cortical bone of the posterior arch，it cannot differentiate trabecular bone from cortical 
bone. For the measurement of lumbar spine, DA was designed to perform measurement 
at antero-posterior position only. The scanning time takes 20-40 minutes. The typical 
radiation exposure is about 5 mrem. The different skeletal sites of the entire skeleton can 
be measured. The precision for phantom measurement was about 1% and 2-5% for 
individuals. Measurement precision is affected when the normal radiative decay of the 
source with the quantity of photons per unit time falling below a statistically useful level 
for the normal function of the scan (approximately 5 %) (Ott, 1991). Measurement of the 
hip is less precise due to repositioning changes the projected area (Ott, 1991). The 
radioactive source of Gadolinium is very expensive and has to be replaced regularly. 
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Nowadays, this technique is virtually replaced by dual energy X-ray absorptiometry. 
2.6.3 Dual energy X-ray absorptiometry (DEXA) 
DEXA was developed in the 1980"s. The principles and limitations of the measurement 
technique of DEXA are similar to DA, except the radiation source is an x-ray tube rather 
than Gadolinium. Two sodium iodide crystal detectors are used with one detector 
positioned vertically above the other. The detectors are directly above the x-ray beam 
path. The lower thinner crystal detector filters and detects the low energy x-ray, and the 
upper thicker crystal detects the remaining predominantly high energy x-ray. The x-ray 
intensity can be adjusted by means of a filter system in order to optimise the 
of the two energy peaks at a given radiation dose, and it permits the x-ray 
beam intensity to be optimised for the thickness of the subject. DEXA equipped with X-
ray tube promised greater accuracy (<3%), sharper image due to higher resolution, 
image obtained from DEXA is clear than that of DA, and it is easier to determine the 
edges of the vertebral body. The scanning time is shorter than that of DA. The main 
advantage of DEXA is an improved precision: 0.5 % for phantom and 1 % for the human 
spine and 1-3% for the femoral neck (Ott, 1991). DEXA uses less radiation (1-3 mrem) 
than conventional x-ray. The technique is widely used because it is faster, more precise 
and exposes the subjects to less radiation than DA. 
2.6.4 Quantitative computerized tomography (QCT) 
The technique of QCT was developed in 1984 using x-ray tube as a source of energy. 
It is usually applied to the spine. The subject lies on top of the calibration phantom which 
is scanned simultaneously with the patient. The phantom contains calcium hydroxyapatite, 
the major form of mineral in bone, in a solid water equivalent compound. Subjects of 
different sizes and body compositions attenuate the x-ray beam to different degrees 
leading to shifts in the effective beam energy. The bone equivalent phantom scanned 
simultaneously with the patient corrects for this effect. The phantom also provides a 
consistent standard for comparisons. The x-ray beam circles around the subject to 
produce a 3-dimensional image; thus, the true volumetric density of the bone can be 
quantified by this technology. The measurement may be either the whole vertebral 
density consisting of the vertebral body (trabecular bone) and the spinal processes 
(cortical bone), or the entirely trabecular bone within the vertebral body. Although the 
QCT technique has the advantage of measuring trabecular bone without inclusion of the 
cortical bone, aortic calcification, or osteophytes in adults may interfere with the 
accuracy of the measurement. 
QCT exposes the subjects to higher doses of radiation than any other techniques. The 
radiation exposure of QCT is comparable to a conventional mammogram. The total 
energy absorbed is slightly lower than an abdominal radiography. The relatively long 
scanning time and high radiation exposure limit its use in children. Precision has been 
reported at 1.5-5.0% with scans that take 10-15 minutes and produce a surface dose of 
100-500 mrem (Cann et al. 1985). In addition, it is also more costly than other available 
conventional instruments. A related development in QCT is the peripheral quantitative 
computed tomography (pQCT), which was firstly introduced in 1989. This is a similar 
technique to QCT but allows the measurement of the peripheral trabecular bone. 
2 . 6 . 5 The techniques selected to quantify bone mass in the present study 
The techniques of single photon absorptiometry and dual energy X-ray absorptiometry 
were used in the present study to quantify bone mass at the distal radius, lumbar spine 
(L2-L4) and proximal neck of femur. Although both techniques could not determine true 
volumetric bone density, the values obtained from the two methods have been found to 
well correlated with ashed bone mineral content. The good precision of the instruments 
rendering the techniques appropriate for use in longitudinal investigation. Furthermore, 
the scanning time is relatively short, they are suitable for use in children whom may not 
be kept still for a prolonged period of time. In addition, the irradiation derived from both 
instruments is very low and is lower than that from conventional X-ray or QCT. Hence, 
the techniques are ethically suitable for use in children. 
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2.7 Measurement of intestinal calcium absorption 
2.7.1 Metabolic balance study 
Metabolic balance technique has been a traditional approach to assess calcium 
requirements and absorption (Kanis & Passmore，1989a). Calcium balance is the 
difference between calcium intake and excretion, in short, calcium balance can be 
expressed in the following equation:-
Ca Balance = Dietary Ca - fecal Ca - Urinary Ca - Dermal Ca 
If the balance is a positive number, calcium is assumed to retain in the body, sufficient 
accumulation of calcium is necessary for skeletal growth and maintenance. If it is a 
negative number, calcium is lost from the body. Minimum calcium requirement is 
calcium intake necessary to achieve a zero balance. Children need greater calcium 
retention for bone growth. Dermal losses are usually ignored because of the relatively 
minute amount compared to fecal and urinary losses and also they are hard to measure. 
The major disadvantage of the classical balance technique is, however, the true 
absorption of calcium from a certain food or diet cannot be determined accurately as the 
technique only measures net (or apparent) absorption. It cannot distinguish in the fecal 
samples between non-absorbed calcium of dietary origin passing through the gut and the 
same absorbed calcium excreted endogenously. As a result, net calcium absorption 
measured with balance technique underestimates the "true" fraction of calcium absorbed 
because fecal calcium includes considerable amounts of endogenous calcium in addition 
to unabsorbed dietary calcium. Furthermore, the technique is tedious, time consuming 
and labour intensive. In addition, the classical balance technique is subject to large errors 
due to inherited problems of incomplete fecal collection in accord with a specified period 
of dietary regiment. Although the latter pitfall may be overcome by prolonging the 
balance period with a constant diet, the prolonged period of study may allow the body 
to adapt to changes in absorption and excretion rendering the interpretation of results 
more difficult. The application of qualitative fecal markers such as brilliant blue dye can 
be used as an indicator to separate fecal collections with respect to specified study 
periods. Quantitative markers such as polyethylene glycol or Cr-mordant may I 
to correct for incomplete fecal collections. True and net calcium absorption 
expressed in the following equations :-
be 
True Ca absorption Dietary Ca - (Unabsorbed fecal Ca 
secreted Ca) - Urinary Ca - Dermal Ca 
Endogenously 
Net Ca absorption Dietary Ca Ca - Urinary Ca - Dermal Ca 
2.7.2 Isotopic techniques (radioisotope or stable isotope) 
When food containing calcium is ingested, a fraction of dietary calcium is absorbed and 
delivered to the blood stream, some of the dietary calcium is not absorbed and 
through to the stools. We are interested in studying the true fraction of the 
dietary calcium, i.e. the fraction of calcium that has gone into the blood stream, and has 
metabolized and equilibrated in the calcium pools. The effluent routes for the metabolized 
calcium from the calcium pools are blood, urine, saliva, and intestinal secretions such 
as gastrointestinal secretions, etc. Although some of the endogenous calcium will be 
reabsorbed along the gut, some will pass through the gut so that the stools contains 
calcium from both dietary and endogenous origins. As mentioned before, metabolic 
balance technique merely measures net calcium absorption. Previous studies have shown 
that endogenous loss of calcium may be substantial (Heaney & Skillman, 1964; Abrams 
etal. 1991; Charles et al. 1991) 
(1) Radio isotope vs. stable isotope 
The basic principle for using isotopes to measure mineral absorption is that an isotope 
of an element exchanges with or behaves in an identical way to the natural abundant 
isotope of the element in the body. The nature of an isotope is either a beta or gamma 
radioactive isotope or a naturally occurring stable (non-radioactive) isotope. In the nature, 
most natural elements exist with a mixture of stable isotopes with slightly different mass. 
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The use of radioisotope such as ^^Ca and 47Ca，has long been regarded as an accurate 
means to trace the absorption and metabolism of minerals. Radioisotopes of elements 
with appropriate half-lives can be used to study absorption. The major advantages are the 
ease and precision of determination, and a minute amount of the radioisotope can be 
added as a true tracer without changing the quantity of the element in the diet. In 
addition, body retention of the element can be measured directly with gamma-emitting 
isotopes. In addition, radioisotopes are relatively inexpensive. Therefore, radioisotope 
has been regarded as a versatile and accurate means to study absorption and metabolism 
of minerals. Radioisotope can be determined directly by total or regional body count or 
in a biological specimen. However, its use has been curtailed as a result of the growing 
awareness of the hazards of ionising radiation. The method is not suitable for use in 
infants, children and pregnant women. Using a sensitive whole body counter; however, 
the radiation doses can be kept below ImSv. This corresponds to less than 1/3 of natural 
background radiation of medical radiation doses obtained by an X-ray examination and 
is similar to the radiation doses received in an 8-hour flight in the sky. Furthermore, 
radioisotopes are not suitable for multi-element studies and multiple administrations 
because overlapping energy spectra and cumulative radiation doses are difficult to 
differentiate. Owing to an increasing worry about radioactivity and the advanced 
development of the techniques to measure stable isotopes, the use of stable isotopes is 
increasingly a preferred alternative. 
Stable isotopes (non-radioactive) are naturally occurring nuclides of an element with the 
same atomic number (i.e. same number of protons) but with different number of 
neutrons. Stable isotopes of an element have similar chemical properties but they differ 
in mass. Thus, they can be separated and quantified by mass spectrometry. With stable 
isotopes, there is no risk of radiation. However, the technique of applying stable isotope 
is relatively more time-consuming and expensive than the radioisotope method, the added 
stable isotope is not just a tag since a significant amount of calcium is administered. 
Thus, it is the absorption of a native calcium plus an added isotope(s). Calcium has 6 
natural occurring stable isotopes. Among the 6 stable isotopes, i.e., ^^Ca, ^^Ca, 
拟Ca，46Ca and '^ ^Ca (Table 2.2),恥Ca is the most abundant isotope (96.9%), of which 
42Ca and 拟Ca are the commonly used isotopes for absorption study due to the commercial 
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availability and lower cost. 
The great advantage 
enriched stable isotope can be 
of radioisotope. Radioisotope 
non-radioactive property. In principle, an 
er for the native element similar to the use 
I in virtually carrier free solutions of the 
element. However, to measure accurately the ratio or the amount of some stable isotopes, 
the amount of the isotopes administered may exceed a certain level such that it might 
substantially increase the total intake of the element or interfere with homeostasis of the 
element. Therefore, this is an important factor to consider before choosing a suitable 
isotope. Although the cost of stable isotope is generally higher than that of radioisotope, 
stable isotope would not lose due to radioactive decay. Analysis of stable isotope requires 
pre-treatment to remove the organic matrices and other interfering substances. In 
summary, the main factors to choose between radioactive and stable isotopes are firstly 
the ethical consideration, availability and cost of isotopes, and accessibility to analytical 
instruments and skills. 
(2) The single-label isotope technique 
The use of orally administered single isotope does not completely eliminate the problem 
of endogenous calcium loss. The food or meal is labelled with a calcium isotope. A 
fraction of the isotope is absorbed in the gut while some may pass through to the stools. 
Subsequently, the absorbed isotope passes into the body tissues, and then some will be 
excreted into the urine. The absorbed isotope may also pass into the gut through the bile 
or other gastrointestinal secretions and although a part will be reabsorbed. Eventually, 
the stools may include some absorbed but re-excreted calcium isotope as well as non-
absorbed isotope from the dietary source. Therefore, the absorption is still a "net" 
calcium absorption which is measured as the difference between ingested calcium and 
faecal excretion. Nowadays, absorbed isotope that is re-excreted can be estimated by the 
concomitant intravenous injection of a second isotope and monitoring its 
the body fluids, i.e., doubly-
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(3) The double-label isotope technique 
The technique completely eliminates the problem of endogenous excretion. Body fluids 
such as blood, urine and even saliva may be used to sample the absorbed calcium. 
Usually, the urine is used for isotope sampling due to its versatility. With this technique, 
one isotope (X)，is given by intravenous injection and the other, (Y), is administered 
orally. The ratio of X:Y is measured in the urine after 24 hours. In adult, it has 
repeatedly shown that 24-hour after administration, isotopes X and Y will reach an 
equilibrium and would be metabolized identically such that the ratio of X:Y in the urine 
is equivalent to the ratio of X:Y in the plasma (Smith et al. 1985; Yergey et al. 1987; 
Hillman et al. 1988). One may measure this ratio directly in the urine or plasma. True 
fractional calcium absorption is calculated from the amounts of isotope given. The 
method is commonly used for calcium. The sampling procedure only requires a spot of 
urine sample 24-hour after the test. 
DeGrazia et al. (1965) was the first to describe the double-label isotope technique to 
measure calcium absorption. Radioactive ^ ^Ca was administered orally, while radioactive 
47Ca was given intravenously, a sample of urine was collected 24-h after post-dosing. 
Smith (1983) used a single stable isotopic method C^Ca) to measure calcium absorption 
in human coupled with Fast atom bombardment mass spectrometry (FABMS). Yergey 
et. al. (1987) simultaneously administered i.v. ^^Ca and oral ^Ca to preterm infants to 
determine calcium absorption. When both the orally and intravenously given calcium 
isotopes are metabolized identically and that the metabolism has reached a state of 
equilibrium. The ratio of the oral isotope to the intravenous isotope that appear in the 
urine or plasma after the state of equilibrium has been achieved is a close approximation 
of fractional calcium absorption (Griessen et al. 1985). Therefore, the percentage of 
calcium absorption can be estimated (Yergey et al. 1987). 
(4) Preparation of stable isotopes for human study, and determination of stable 
isotopes in body fluids 
The stable isotopes of mineral such as calcium are usually present in its oxide or 
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The chemical form of the isotope may be converted into other form 
before administration. The nature of the calcium isotope is usually a salt form such as 
carbonate, oxide, chloride or sulphate which are soluble in acidic solutions. 
Dosage considerations 
Stable isotope, unlike radioisotope, is universally present in the body. When planning for 
an absorption study using stable isotope, a sufficient degree of isotopic enrichment is 
required so that the added isotope can be differentiated from the natural background, and 
can be quantitated precisely by analytical instrument such as a mass spectrometer. 
Furthermore, the amount of isotope administered and the degree of isotope enrichment 
depend on the following 4 major factors: 
(i) The extent of absorption and excretion. For instance, calcium and iron absorption 
depends on the mineral nutritional status of the individual and the meal 
composition. Fractional calcium absorption of Caucasians varies between 20-45 %, 
iron absorption may vary from <1% to almost 100%. Fractional absorption of 
selenium is about 80%. The urinary excretion of calcium varies from > 100 mg/d 
in Caucasian adult men to <50mg in rural Indian children and rural Gambian 
lactating women (Prentice, 1993). Amount of urinary calcium excretion is much 
higher than zinc and iron. Almost all the absorbed iron is retained in the body, 
and only a small fraction of zinc is excreted in the urine (Prentice & Bates, 
1994). 
(ii) Distribution of the element in the body compartments. The amounts and 
distribution of various elements in the body compartments vary. For example, 
over 99% of calcium is stored in the bone while less than 1% exists in the 
circulation. 60% of the body"s 4g of iron store exists in red cell haemoglobin, 
whereas about 60% of the body"s 2.3 g zinc is present in the muscle only, and 
only 0.1% is in the plasma. If these pools are to be enriched it is essential to 
understand the natural distribution of the element in the body pools. 
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(iii) The natural abundance of the isotope administered. The higher the natural 
abundance of the specific isotope, the greater the amount of the isotope is needed 
in order to detect the enrichment. 
(iv) The degree of isotope enrichment also depends on the precision of the detecting 
instrument. For instance, the use of quadrupole TIMS to detect a minimum 
enrichment for ^^ Fe in erythrocyte haemoglobin is required. In reality, 
is a great individual variation for absorption. Therefore，adequate amount 
of isotope is required to obtain the minimum enrichment for different subjects. 
(ID Intrinsic or Extrinsic labelling 
Determination of mineral absorption from foods can be done by labelling the food 
intrinsically (physiological introduction of the isotope to the tissue of plant and animal) 
or extrinsically (physical mixing the isotope with food). Plant sources of food can be 
labelled intrinsically by adding the isotope to the nutrient solution of hydroponically 
grown plants, by direct injection, or by foliar application (Weaver, 1985). Animal tissue 
may be intrinsically labelled by adding the isotope to the diet, by gavage, or by injection. 
Due to the high cost of isotopes, effective intrinsic isotope incorporation into the desired 
edible portions of plants or animals is important to reduce wastage of the dosage. For 
example, the efficiency of incorporation of ^^Zn and 冗Zn into chicken meat was only 2-
3% (Janghorbani et al. 1981a) compared to 18% incorporation of ^^Zn into 
seeds (Janghorbani et al. 1983). Extrinsic labelling of food or meal pric 
simpler and less expensive than intrinsic labelling. With extrinsic labelling, in theory, the 
extrinsic isotope exchanges completely with the native mineral and that they are absorbed 
and metabolised in an identical manner. In fact, most recent human studies using mass 
spectrometry have found a good agreement between extrinsic and intrinsic tracers of 
calcium, zinc, magnesium and copper (Fairweather-Tait et al. 1989; Serfass et al. 1989; 
Egan et al. 1991). Calcium absorption from extrinsic and intrinsic labelled breast milk 
was identical for low birth weight infants (Liu et al. 1989). Furthermore, absorption of 
extrinsically or intrinsically labelled calcium was not significantly different in adults fed 
with wholemeal flour (Weaver et al. 1992) or milk (Martin et al. 1989). Zinc absorption 
for infants from extrinsic and intrinsic labelled cow"s milk based formulas was identical 
(Serfass et al. 1989) and for adults (Egan et al. 1991). Extrinsic labelling assumes that 
common pools exist for all minerals and, indeed, calcium, magnesium, iron, zinc and 
copper from most foods would seem to enter the common pools from which absorption 
can be measured by extrinsically labelling with stable isotopes. However, two mineral 
pools in the body seem to exist for iron (haem and non-haem iron) and selenium 
(inorganic selenite and selenate; organic selenium and selenomethionine and 
selencystine). If two absorptive pools of a mineral existed they need to be labelled with 
different isotopes. Furthermore, care should be taken that the extrinsic tag has sufficient 
time to equilibrate completely with intrinsic mineral and the quantity of mineral added 
with the tag needs careful consideration as this influences the size of the total mineral 
pool in the body. 
(IIP Oral and intravenous administration of isotopes 
Figure 2.1 illustrates the basic features of mineral metabolism which helps to understand 
the need for isotope technique to measure mineral bioavailability. For example when 
calcium is ingested, a portion of it is absorbed and passes into the blood stream, whereas 
the unabsorbed fraction passes through to faeces. In the blood steam, some of the 
absorbed calcium will pass into the body tissue and some will be excreted in the urine. 
A second excretory pathway is from the body tissues back into the gut via the bile or 
gastrointestinal secretions. This may include a small fraction of the dietary calcium 
recently absorbed, but is mostly the calcium already present in the body. Although some 
of this endogenous calcium can be reabsorbed, the large fraction passes into the stools. 
As mentioned before, the classical calcium balance study and single isotope technique, 
which compares the intake of calcium with its total excretion, is not ideal for measuring 
calcium boavailability because the faeces contain calcium from both food and endogenous 
origin. By using dual-isotopes, however, the true fraction of calcium absorbed from a 
food or at a meal can be determined accurately. 
To determine true fractional calcium absorption, a relatively simple double isotopic 
technique has been evolved using two stable isotopes of calcium (Smith et al. 1985; 
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I. 1987). The use of oral and intravenous isotopes was first described by 
Garner et al. (I960). The dual stable-isotope method was modified from using two 
radioisotopes (Aubertetal. 1963; DeGrazia et.al. 1965; Roth & Werner, 1985), and one 
stable and one radioisotope (Neer et al. 1978). Fractional absorption is determined by the 
ratio of the specific activities of orally (eg.似Ca) and intravenously (eg. 
administered isotopes in plasma or urine sample 24-hour after simultaneous 
administration of the isotopes using the following formula of Yergey et al. (1987): 
(na 义a、(42Ca i.v.) x A %XS ^Ca x 100 ……（1) • 
% TFCA = (na oral) x A %XS ''Ca 
The derivation and abbreviations of the above formula are given below: 
If the length of time for complete collection of isotopes in urine is prolonged 
sufficiently, TFCA can be calculated by the following equation: 
TFCA = y (fraction of oral ^Ca in urineMt ……（2) 
f (Fraction of i.v. ^Ca in urine)dt 
Where dt denotes the time interval from 0 to infinity 
The determination of TFCA using dual isotopes depends on proportional recovery 
of the isotope rather than absolute recovery, thereby minimizing systemic errors 
in collection resulting in isotope loss that may lead to errorous results. To 
measure TFCA, it is not necessary to break urine sampling into discrete pools. 
It is sufficient to have urine collections for a sufficient time after 24 hours when 
the rates of disappearance of the two isotopes are in parallel (in equilibrium). 
Therefore, % TFCA can be expressed as: 
moles of ^Ca in urine x dose of i.v. x 100 ……(3) 
moles of 42Ca in urine dose of oral 抖Ca 
Where 
The quantity (moles) of the isotope (似Ca or ^^Ca) appears in a given volume of 
urine is: 
A %Xs X total quantity (moles) of Ca x na 
In which 
A %Xs is isotopic enrichment (% excess of isotope) in urine determined by using 
TIMS with the following expression: 
A %Xs = [(measured ratio - na ratio)/na ratio] x 100. 
And where 
ratios refer to the intensities of isotope (抖Ca or ^^Ca) and reference ion beams 
(恥Ca) as determined by TIMS, and na is the natural abundance of the isotope. 
In other word 
： [(measured 奶Ca广Ca) - na ^ Ca/^Ca)/na ^^Ca/^Ca] 
X 100 •••". (4a) 
: [(measured ^^ Ca/^ ^Ca) - na 恥Ca/42Ca)/na ^ Ca/^^Ca] 
xlOO •…"(4b) 
Furthermore 
The doses of the i.v. and oral isotopes are determined from the weight of the 
solution actually administered, the concentration of total Ca in the solution is 
determined by atomic absorption spectrophometry or colorimetry method. 
As a result 
The final simplified formula derived from Formula (3) to calculate % TFCA is 
therefore given as: 
^na 似 i . v . ) X A %Xs 抖Ca x 100 
% TFCA = (na oral) x A %XS ''Ca 
where 
na^Ca, natural abundance of^Ca (atom%) = 2.083% (an international standard), 
(De Bievre, 1985) 
na^^Ca, natural abundance of^^Ca (atom%) 二 0.646% (an international standard), 
(De Bievre, 1985) 
44Ca oral and Ca^^Ca i.v. are i.v and oral refer to the exact doses administered 
(in mg) 
A %Xs ^ and A %XS ^^Ca are derived from equations 4a & 4b，with values of the 
ratios derived from TIMS output 
The isotopes generally used for this method are ^Ca for oral route, and ^^Ca for 
intravenous route. Choice depends on cost (the lowest natural abundances are usually 
more expensive and less highly enriched), and the method of detection. For instance, 
when measuring isotope ratios by TIMS there are background ions present at m/z 43 
which interfere with the measurement of ^^Ca (Yergey et al. 1980). Dosage depends on 
body size, metabolism of calcium, and the sensitivity and standard deviation of the 
isotope ratio measurement. The aim is to give minimum dose of isotope to obtain urine 
(or plasma) that is adequately enriched for the accurate determination of fractional 
absorption from the oral dose. Any extra isotope will be an unnecessary cost, and may 
if given in very high levels perturbs the normal metabolism of calcium. If using high 
precision TIMS, then lower doses of isotopes can be used (Price et al. 1990). Various 
dosages have been reported in the literature. For example, the range of doses 0.2-0.5 
mg/kg 从Ca and 0.02-0.1 mg/kg ^^Ca has been used by Yergey et al. (1987) in testing 
calcium absorption in infants. Simultaneous administration of oral and intravenous 
calcium isotopes is a well established method for measuring calcium absorption, and is 
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also feasible for absorption of magnesium, zinc and selenium (Sandstrom et al. 1993). 
Determination of the absolute quantity and ratio of isotopes present in the body fluid can 
be analyzed by using mass spectrometry or neutron activation analysis. 
2 . 7 . 5 The technique selected to determine calcium absorption in the present study 
參 
In the present study, the method employed to determine TFCA of children was the 
double-label stable isotope technique using ^Ca as a labelled extrinic tracer taken orally 
and 42Ca as a tracer injected into the blood stream intravenously. The advantages of the 
method have been described in details in section 2.7.2. 
Mass spectrometry 
A mass spectrometer generates a beam of gaseous ions from a sample, differentiates the 
types of ions according to the mass-to-charge ratios. Many substances can be quantified 
by mass spectrometry which is an extremely sensitive method to determine elements or 
compounds at sub-pg level (Heumann, 1985). Appropriate mass spectrometers are used 
to identify and measure the concentration of inorganic and organic species, to study the 
physical structures of atoms and molecules, to elucidate molecular structure, and to 
measure the relative abundance of the isotopes of an element. 
2.8.1 Thermal ionisation mass spectrometry (TIMS) 
TIMS employing magnetic sector (separates masses in a magnetic field) has been used 
for many years by geochemists and nuclear chemists to determine isotopic abundance and 
to quantify minerals by isotope dilution technique. TIMS was first applied on nutrition 
research by Rabinowitz et al. (1973) in studying lead metabolism. Then, absorption of 
copper, zinc and iron (Turnlund et al. 1982a, 1982b) have been measured using TIMS 
with a high precision (RSD <0.1%) but the output of samples was slow (2-3 samples/d). 
In 1980, the technique TIMS was modified by using a quadrupole (separates masses by 
applying alternating and constant voltages to rods connected in parallel) TIMS. TIMS 
equipped with a quadrupole is less expensive than the one with a magnetic sector, and 
is able to handle up to 26 samples per 24-hour with a precision (RSD) of 0.5-1% 
(Sandstrom et al. 1993). 
Samples for isotopic determination by TIMS require appropriate pre-treatment 
purification to remove the organic matrix and the presence of any interfering elements. 
Commonly used clean-up methods are ion-exchange, solvent extraction and 
electrodeposition. The loading of the sample on to the filament is critical, and has been 
shown to affect the stability and size of the ensuring current. Samples are gently heated 
by passing a carefully controlled current through the filament, whereas vaporisation, 
dissociation occur to produce intense stable ion emission, from which isotope ratio 
measurements are made. TIMS will continue to be the analytical instrument of choice 
when the highest precision is required. 
2.8.2 Fast atom bombardment mass spectrometry (FABMS) 
FABMS has been more widely available for use than TIMS, Although its precision is 
lower than TIMS (RSD is 1 %), the sensitivity of FABMS is good for a certain minerals 
and the analysis is faster. In FABMS, samples are bombarded with argon or xenon 
atoms, and the sputtered charged species are separated in the mass analyser. FABMS is 
a medium resolution instrument it is easy to separate most organic compounds from metal 
ions because of the fractional mass difference between them. 
2.8.3 Inductively coupled plasma mass spectrometry (ICPMS) 
ICPMS is also a potential method to study absorption using inorganic and mineral 
isotopes. Less sample cleaning is required, the analysis is faster, and isotopic ratios of 
several minerals can be determined in a single sample. Samples are introduced into a 
high temperature argon plasma produced by an electrical discharge, the solid substance 
will be volatilized and then ionised. The gaseous plasma is sampled at atmospheric 
pressure through a differentially pumped interface and ions are mass analyzed by a 
quadrupole mass spectrometer. Current limitations of ICPMS include poor nebulisation 
efficiency, so sample volumes of 10 ml per mineral are required, and there are isobaric 
interferences at low masses, eg.,恥 Ag+ from the plasma with 恥 Ca+. The precision of the 
technique is about 0.33-0.84% RSD for zinc (Egan et al. 1991)，0.35 and 0.1 % for iron 
(Janghorbani et al. 1986; Fomon et al 1988). 
2.8.4 Electron impact mass spectrometry (EMS) and Gas chromatography 
mass spectrometry (GCMS) 
Schwartz & Giesecke (1979) developed a method for measuring ^^Mg using a volatile 
magnesium chelate. Although this method was better than NAA, a high level of 
enrichment of ^^Mg were required for better precision. EIMS and GCMS have the major 
advantage that the instrumentation is available in many laboratories. The analysis requires 
a volatile chelate of the metal be prepared. Nevertheless, a lack of suitable chelates for 
some minerals, memory problems and limited precision and accuracy restrict their use. 
The sensitivity of these techniques have been reported to be superior to NAA for zinc, 
copper and iron (Johnson, 1982), and GCMS (Reamer & Veillon, 1981) and negative 
TIMS (Heumann & Radlein, 1989) appear to be promising techniques for selenium. 
2.8.5 Neutron activation analysis (NAA) 
The principle of NAA is based on the interaction of thermal neutrons from a medium to 
high flux nuclear reactor with the nuclei of stable isotopes. Since the nuclear 
transformation must result in eventual production of a radioactive nuclide capable of 
emitting suitable radiation that can be detected, NAA is not suitable for the measurement 
of all the stable isotopes. Some minerals such as requires extensive pre- and post-
radiochemical separation. Determination of isotopes in biological fluids results in the 
production of large amounts of radioactivity from matrix components such as CI, Na, K， 
which cause interference. However, these possess half-lives of less than 15 hours. Hence, 
if samples are allowed to decay for 1-2 weeks, isotopes such as ^^Fe can be measured. 
The precision of NAA is heavily affected by every step of analysis. For instance, for 
iron, where almost no sample preparation is required, the RSD [relative standard 
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deviation: SD/mean x 100) is about 1%. However, for zinc where extensive clean-up is 
required before and after analysis, the RSD may be as high as 5% (Janghorbani & 
Young, 1982). 
2.8.6 The type of mass spectrometry used to determine stable isotopic ratios 
in the present study 
Thermal ionisation mass spectrometry (TIMS) equipped with a quadrupole (THQ; 
Finnegan-Mat GmbH, Bremen, Germany) was used in the present study, which is 
currently the most accurate and precise instrument to determine the ratios as well as the 
absolute quantity of stable isotopes of calcium in biological specimens. 
of physical activity in children 
Introduction 
Due to the difficulty of measuring activity in children without interfering with their usual 
activity, to obtain very accurate data on physical activity for children is difficult. This 
chapter reviews various physical activity assessment methods that may be suitable for use 
in children. 
Methods in assessing physical activity can be broadly divided into two categories of (1) 
the measurement of physiological responses to physical activity such as oxygen uptake 
and heart rate. (2) observational methods in which the physiological response is 
determined by record keeping or recall. The method in assessing physical activity should 
not interfere with habitual activity of the child, and should be socially acceptable in order 
to obtain good compliance, the method should also be able to quantitate the amount of 
physical activity. Furthermore, it should be reproducible and valid. Therefore, factors 
such as validity, precision, subject compliance and cost should be considered carefully 
before choosing an appropriate method. 
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2.9.1 Activity questionnaire or record 
habitual physical activity 
(1985). Children are asked 
The method of using activity questionnaire 
has been reviewed by Montoye & Taylor (1984) 
about their daily physical activity by answering an activity questionnaire or keeping an 
activity record. Limited reliable activity information can be obtained directly in children 
under 10 years of age. For young children, their parents can assist in recalling or 
recording daily activity. Children usually overestimate the time spent in strenuous activity 
and underestimate the time spent in regular activity, e.g，walking and shopping. Self-
administered questionnaire or record may be useful for children older than 10 years of 
age. The information required in an activity record should include a description of the 
activity，intensity (preferably objective assessment) of the activity, and the duration. In 
order to standardize and simplify the recording procedure, activity can be classified 
according to its intensity in terms of energy expenditure or oxygen consumption per unit 
time (Bouchard et al. 1983; Saris et al. 1980). For example, activities may be grouped 
under the categories of sleeping, sitting, standing, walking and running. The data 
obtained would provide reasonably precise data on the activity pattern of a child, how 
active the child is, and the amount of time spent on physical activity. Physically fitter 
children usually spent more time in strenuous types of exercise (Rutenfranz et al. 1974). 
At school, most children are sitting in a typical school day, the children would be more 
active during recess, physical education class at school, after school, and during 
weekends and holidays. Therefore, sufficient length of observation is needed to minimise 
daily variation of activity. The method of recording needs to be simple, and the period 
of observation should include at least three different days to avoid an unusual day giving 
bias to the results (Durnin, 1990). Bouchard et al. (1983) using a 3-day activity record 
found that physical activity was significantly associated with physical performance 
capacity, and negatively associated with body fatness. However, activity information as 
recalled from parents was found less reliable than keeping an activity diary (Saris et al. 
1980). Record of sports participation by asking simple questions on regular sport 
activities as well as means of transportation to and from school was also found a 
reasonably reliable means to assess whether a child is active or not (Slemenda et al. 
1991b). Reliability of data improves as age increases in children (Saris 1985). 
2.9.2 Direct measurement of physical activity 
Direct assessment of physical activity by using a specialized device provides objective 
quantitative data. Such a technique provides more precise assessment than the recording 
and recalling methods. However, direct assessment of physical activity requires expensive 
devices that may restrict the number of study subjects. Alternatively, in a large study, 
most of the subjects may be instructed to complete an activity questionnaire or a record, 
a sub-sample of subjects may undergo direct measurement of activity. Several devices 
for measuring activity directly are reviewed in the following sections :-
⑴ Accelerometer 
Accelerometer measures horizontal, lateral, or vertical movement, but counts may not 
differ in lying, sitting and standing. Movements involving only the arms will not greatly 
increase the count rate of an accelerometer mounted on the trunk. The device is mainly 
used in laboratofy studies, and there is limited use in large-scale studies for free-living 
subjects. 
Pedometer 
The design of a pedometer has been improved recently (Saris & Binkhurst，1977; 
Durnin，1990). However, Saris and Binkhorst (1977) commented that the device is not 
very accurate, the device may not able to record arm and leg movements while the body 
is in an almost static position. The technique has limited use even for a rough estimation 
of activity. A modified pedometer designed to provide an output similar to that of a 
pedometer but using a different principle, to record an electrical impulse each time the 
shoe touches the ground. Such a modified pedometer does not necessarily record all types 




Actometer is often in the form of a modified wrist watch capable of recording 
acceleration and intensity of movement. It is inexpensive, the device has been used 
successfully in adults and children for classifying individuals into different activity 
patterns (Saris & Binkhurst，1977; Laporte et al. 1979; Avons et al. 1988). However, 
it requires frequent calibration - for individual subjects, for the specific type of activity, 
and for the individual device which makes it unlikely to be practical to use in large scale 
study. 
(4) Video-recording 
Video-recording has a definite role in the assessment of children"s activity patterns. 
However, this is an expensive technique which is unlikely to be practicable for large 
groups of individual children. It also limits the scope of activities of children. Video-
recording may be used on several children at the same time, it can be played back to 
make appropriate judgement. The technique seems to be socially acceptable. However, 
the technique has a practical problem of quantifying the video-recordings to allow 
ranking of individual children. It may be used in combination with some form of 
questionnaire or a activity record. 
(5) Heart-rate recording 
It is a relatively simple technique to record heart-rate over a long period of time. If only 
a record of heart-rate is required then it is an inexpensive device. If a more detailed 
break-drown of the data is needed such as duration of several different ranges of heart-
rate in order to differentiate different levels of activities, e.g., 80-100，100-120，120-140, 
over 140 beats/minutes, then a more complex and expensive device is required. 
However, the interpretation of results needs careful judgement. There are many intrinsic 
and extrinsic factors affecting heart-rate, such as posture, meal effect, alcohol use, and 
psychological factors. Furthermore, the relationship with respect to physical activity and 
heart rate varies from individual to individual, eg.，the sub-optimal heart rate of a regular 
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runner is slower than an irregular runner. Moreover, even if data analysis is assisted with 
a computer, expert judgement is also needed. An additional problem with young infants 
is that the infants tend to tamper with the electrodes and connecting electrical wiring 
(Durnin, 1990). Although heart-rate recording is a method of choice for assessing 
childhood physical activity, it requires experienced expert judgement. 
2.9.3 Selection of a suitable physical activity assessment method 
Most of the techniques reviewed here have not been adequately validated. All these 
technique have some inherent drawbacks, such as compliance, social acceptability, 
reliability, demand for personnel and cost. Saris (1985) based on available studies in the 
literature and experience, suggested that the number of children to be studied is a key 
factor to select an appropriate method: For over 100 study children, simple records or 
questionnaires about regular activities, and movement counter will be suitable. For study 
children between 20-100, the use of heart rate monitoring and movement counter may 
be useful, whereas, heart rate monitoring and intensive observation may also be 
appropriate. 
In the present study, a 3-day activity record was used which was relatively simple to use 
by the parents and study children. The numbers of hours that the child was physically 
active in the 3-day period could be used to determine whether physical activity was an 















































































































































































Table 2.2. The naturally occurring stable isotopes of calcium 
M/Z % NA Atomic Mass 
40 96.947 39.9626 
42 0.646 41.9586 
43 0.135 42.9588 
44 2.083 43.9555 
46 0.004 45.9537 
48 0.187 47.9524 
M/Z denotes mass number 























































































































CHAPTER 3 RANDOMISED DOUBLE-BLIND CONTROLLED 
CALCIUM SUPPLEMENTATION TRIALS IN RELATION 
TO BONE AND HEIGHT ACQUISITION IN 7-YEAR OLD 
CHINESE CHILDREN FROM JIANGMEN (CHINA) AND 
HONG KONG 
3.1 Chapter summary 
Two independent randomized double-blind controlled calcium supplementation trials 
were conducted in Jiangmen (a city in Guangdong Province) of China and Hong Kong 
between 1991-1993. The subjects were 7 years old Chinese children, 109 from Hong 
Kong and 163 from Jiangmen. Two independent but similar double-blind randomized 
controlled calcium supplementation trials were conducted for 18 months to study the 
effects of calcium supplementation on bone mineral accretion and height increase. 
Study children in Jiangmen were uniquely low in baseline calcium intake when 
compared to that of Hong Kong children due to low milk consumption in the former 
group. The children in each region were randomized to receive either a chewable 
calcium carbonate (CaCO�）(300 mg Ca) tablet or a placebo tablet daily. BMC and 
(bone mineral content/bone width (BMC/BW) at the mid-radius were determined by 
SPA for all the children. Bone mineral content (BMC) and Areal bone mineral density 
(BMD) at the regions of lumbar spine (L2-L4) and femoral neck were evaluated by 
Dual energy X-ray absorptiometry (DEXA) for Hong Kong children. 
There was one child and 25 children dropped out from the Jiangmen and Hong Kong 
trial respectively. The mean compliances of the Jiangmen and Hong Kong group were 
92% and 82% respectively. The baseline calcium intakes of the Hong Kong and 
Jiangmen groups were 567 士 330 mg/d and 279 士 100 mg/d respectively. There 
were no significant differences in baseline dietary intake, weight, height, physical 
activity, serum 25-hydoxyvitamin D3 level, and bone mineral measures between the 
study and control groups in either Jiangmen or Hong Kong (P>0.05). The results of 
the Jiangmen calcium trial showed that the study group had significantly greater gain 
in radial BMC (16.51% v^ 13.97%; P二0.02)’ and radial BMC/BW (9.45% V5 
6.31%； P=0.008) than the controls respectively. However, there was no significant 
difference in the differential of height increment between the study and controls 
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(P=0.40). On the other hand, results from the Hong Kong trial found that the study 
group had greater gains in lumbar spinal BMC (20.95% V5 16.34%; P=0.035), and 
lumbar spinal area (11.16% 8.71%; P=0.049) than the controls, whereas the 
lumber spinal BMD of the study group was slightly greater than the controls (8.82% 
V5 7.01%; P=0.093)• Furthermore, there were also no significant differences in the 
differentials of radial BMC (P=0.53), radial BMC/BW (P=0.08), and height 
(P=0.92) between the study and control groups. 
In conclusion, calcium supplementation in two groups of Chinese children with 
habitual mean baseline calcium intakes of approximately 570mg/d and 270mg/d 
respectively had significant increases in bone mass at the radius and lumbar spine 
when compared to those of the controls. However, calcium supplementation had no 
beneficial effect on height increase. The results of the randomized controlled trial 
confirmed the hypotheses that calcium intake per se has a positive effect on bone 
mineral acquisition but it has no effect on height increment of children. Based on the 
results in this chapter it is not conclusive to confirm whether the extra gain in bone 
mass at this age would be beneficial to future peak bone mass. Whether attaining 
higher bone mass at this age would have any sustaining effect later in life requires 
further study. 
3.2 Chapter Introduction 
Jiangmen is a city in Guangdong province of China which is closed to Hong Kong. 
The Chinese in both Jiangmen and Hong Kong are ethnic Cantonese. Yet their dietary 
practices are different since weaning period. Children in Jiangmen, like in other 
southern parts of China, are usually weaned off from milk by one year of age and 
little milk is consumed in the preschool years with habitual calcium intake at about 
300 mg/d (Ho, 1988; Lee et al. 1993b). This level of intake is considerably below 
the FAOAVHO recommendation (400-500 mg/d) (FAO/WHO，1962). In contrast, 
children in Hong Kong continue to consume milk throughout infancy and early 
childhood with average calcium intakes from 545mg/d to 760mg/d between 1 to 5 
years of age (Lee et al. 1993a). Therefore, children from Jiangmen and Hong Kong 
representing two unique groups of children sharing the same ethnicity but they have 
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been brought up with different feeding practices - children in Jiangmen are uniquely 
low in consumption of milk and milk products and their choices of calcium rich food 
are limited, whereas the diets of Hong Kong children are more westernised, more 
children continue to consume milk and milk products through to 5 years of age and 
hence giving a wider variation in calcium intake. Whether calcium supplementation 
for Chinese children accustomed to different habitual levels of calcium intake would 
have any differential effects on bone mass and height increments have not been 
studied before. 
The objectives of Chapter 3 were to carry out two independent randomized, double-
blind, controlled calcium supplementation trials for 18 months in Jiangmen and Hong 
Kong to determine the effects of calcium supplementation on bone mineral acquisition 
and height increment in 7 years old Chinese children. 
Chapter 3 is divided into two parts to report two independent but similar randomized 
double-blind controlled calcium supplementation trials in Chinese children: Part I 
documents a controlled calcium trial performed in Jiangmen, Guangdong province of 
China. Part U documents a similar calcium trial conducted in Hong Kong. Baseline 
dietary intakes, serum concentration of 25-hydroxyvitamin D3, and level of physical 
activity of the study children were evaluated at the beginning of the trials, whereas 
body weight, height, and bone mineral measurements were evaluated every six-
monthly during the 18-month trial period. 
PARTI 
3.3 Double-blind Controlled Randomized Calcium Supplementation and Bone 
and Height Acquisition in Chinese Children Accustomed to Mean Calcium 
Intake at About 300mg/d 
3.3.1 Introduction 
Optimization of peak bone mass by adequate calcium intake starting as early as 
childhood life is considered as one of the most effective measures to reduce the risk 
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of developing osteoporotic fractures later in life (Mazess & Barden，1991; Anderson, 
1992; Cummings et al. 1993; Matkovic & Illich, 1993). Published studies related to 
calcium nutrition and bone mass integrity in children are mainly derived from the 
white or black people in the Western societies, data derived from the Oriental are 
limited. Desirable levels of calcium intakes for humans to maximize bone mineral 
deposition have not yet been defined (Lee, 1993). In China, the RDAs of calcium 
intake for children and adolescents are set at 800 and lOOOmg/d respectively (Chinese 
Nutrition Society, 1990). However, calcium intakes of Chinese children and 
adolescents have been repeatedly reported to be about 300 - 400mg/d (Chen, 1986; 
Lee et al. 1993b). Such low intakes are due to reduced consumption of milk or even 
stopping the use of milk after infancy (Lee et al. 1993b). In our previous studies, it 
has been reported that the bone mineral content (BMC) of 5 years old Hong Kong 
children was related to the cumulative calcium intakes over the first 5 years (Lee et 
al. 1993a), and that Jiangmen children accustomed to a mean calcium intake of 245 
mg/d had radial BMC 14% less than Hong Kong children who had a habitual calcium 
intake of 540 mg/d (Lee et al. 1993b). To date, there have been no data from 
prospective studies on the effects of increasing dietary calcium intake on bone mineral 
accretion and body height increment in Mainland Chinese children subsisting on low 
calcium diets. 
3.3.2 Objectives 
Part I aims to determine the effects of calcium intake on bone mineral acquisition and 
height increment of Chinese children habituated to a calcium intake less than 300 
mg/d. This is an 18-month randomized, double-blind, controlled calcium 
supplementation trial. 
3.3.3 Subject and Methods 
Study sample 
The subjects were recruited from four Primary-one classes of a primary school in 
Jiangmen city, located at the Pearl River Delta of Guangdong Province, China. The 
dietary practices of infants and young children in Jiangmen have been introduced in 
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1 . 1 and described by Lee et al. (1993b). The average standard 
of living in the Pearl River delta is relatively higher than in other parts of the country 
due to its rapid economic development. In addition, China authority is implementing 
a "single-child" family planning policy in the urban areas. Therefore, a child in the 
family receives a great deal of parental and grand-parental care. Most children in this 
region are in general well fed and under-nutrition due to insufficient food supply is 
virtually absent in this region of Guangdong Province (SH Wang & YC Xu, personal 
communication). The food habits in terms of milk drinking of Jiangmen children are 
more traditional than those from Hong Kong, milk and milk products are less popular 
and less accepted in Jiangmen. Such a dietary characteristic of Jiangmen children is 
unique to study the effects of calcium intake per se on bone mass and height 
increments on low calcium intake children. 
One hundred and sixty three primary school children (88 boys & 75 girls) at age 7 
years participated in the study. All the study children were normal and healthy, and 
fulfilled the following selection criteria: 
(1) Good health, no children have suffered from any metabolic diseases or have 
had any recent bone fractures that were directly or indirectly related to 
calcium and bone metabolism, and 
(2) Age 7 士 0.5 years at the commencement of the trial. 
Two classes of children were randomly assigned to a study group (n=80) to receive 
calcium supplements, while the remaining two classes were assigned to a control 
group (n=83) to receive placebo tablets. The supplementation trial lasted for 18 
months. Throughout the 18-month trial, all the children, teachers, parents and field 
workers were blind to the randomisation design. The randomisation codes were kept 
by a statistician (J.L.) at the Centre for Clinical Trial and Epidemiological Resarch, 
Faculty of Medicine, Chinese University of Hong Kong. The codes were broken upon 
completion of the trial. 
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Calcium supplementation 
Eighty children (43 boys & 37 girls) received calcium supplements daily given as 
cherry flavoured chewable calcium carbonate tablets (Tums-Ex, Smithkline Beecham， 
Weybridge, Surrey, U.K.). Each tablet contained 300 mg elemental calcium. Eighty-
three children (45 boys & 38 girls) received placebo tablets, which were calcium-free 
sucrose tablets of similar color, shape, taste, and made by the same manufacturer. 
The reason to use a calcium dose of 300 mg/d was that children in Jiangmen have 
already accustomed to a non-dairy type of diet at approximately 300 mg/d (Ho, 1988; 
Lee et al. 1993b). To give a dose of 300 mg/d elemental calcium would in fact 
double the usual calcium intake to approximately 600 mg/d which is a level 
comparable to the RDA (FAO/WHO, 1962; Department of Health, 1991). For the 
low calcium intake Jiangmen children, such an elevated intake is expected to be a 
substantial amount for skeletal calcium retention. On the other hand, if such a calcium 
dose (300mg/d) should have any positive effect on bone mass and height increase, 
from a healthy diet stand-point, it would be feasible and more practical to advise 
children to increase daily calcium intake by drinking a glass of milk a day («300 mg 
calcium per 240 ml of cow"s milk), by eating 3-5 extra servings of dark green leafy 
vegetables or 1-2 cubes of calcium-set tofu (bean curd), etc. (Weaver & Plawecki， 
1993). Regarding the efficacy of using calcium carbonate as a supplement, there is 
evidence to demonstrate that the absorbability of calcium from calcium carbonate is 
comparable to milk and milk products (Recker et al. 1988)，and that calcium 
absorption from most commercial available calcium preparations were not superior 
or inferior to one another (Heaney et al. 1990). In addition, intestinal calcium 
absorption is enhanced if a calcium preparation is co-ingested with a meal (Heaney 
et al. 1989). Please refer to Chapter 2，section 2.2.7 for more details. 
To ensure better compliance throughout the trial period, calcium supplements and 
placebo tablets were dispensed to each subject daily in the class by the same teacher. 
Each child took one tablet immediately after school breakfast on a 6-day a week 
basis. During vacations, appropriate numbers of tablets were also distributed for home 
and the parents were responsible for giving the tablets one-a-day to the child. 
Compliance was assessed by the teacher who made a daily record of any children who 
did not take tablets or were absent from class. 
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Assessment of baseline dietary intake \ 
\ 
Baseline dietary intake was assessed using a 5-day food-record method at the 
beginning of the trial. The details of the dietary method have been critically.reviewed 
in Chapter 2, sections 2.4.2 and 2.4.8, and described elsewhere (Marr, 1971; 
Bingham, 1987; Lee et al. 1993b). The dietary assessment in Jiangmen was direcfkl 
by Drs. SH Wang and YC Xu who were our project collaborators in China. Th这 
parents were responsible for recording food intake in a food diary. The description 
and reporting of serving size and frequency of food intake were explained to the 
1 with the aid of food portions and common household measures prior to the 
After school, the children reported to the parents of what snacks and beverages 
they had eaten at school. 
Before commencement of the dietary assessment, the parents were instructed to 
recognise and describe food portions. Food models and graduated household measure 
such as cups, bowls and spoons, etc. were on display to assist description. The 
parents were also asked to practise the recording procedures to ascertain that they 
understood the method. In addition, a home visit was arranged for every subject to 
resolve any problem that arose during the food record period. The importance of 
maintaining a usual diet during the 5-d period was emphasized to the children and 
parents. Nutrient intake was computed using the Chinese Food Composition Table 
(Institute of Nutrition & Food Hygiene, 1991). 
Weight and hpi^ht measurements 
Weight (corrected to 0.1 kg) and height (corrected to 0.1 cm) were measured on the 
day of bone mineral measurement. Children, wearing under-clothes, were weighed 
on a beam balance (Lichepai, Model: TGT-100, Guangdong, China). Standing height 
was measured in children without shoes using a stadiometer (KG Stadiometer, 
National Sports Research Institute, Beijing, China). Weight and height measurements 
were repeated every 6 monthly during the 18-month trial. All the measurements were 
performed by the author, trained research nurses from Hong Kong. 
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Bone mineral measurements 
Bone mineral content (BMC) and bone width (BW) at the one-third distal point 
between the styloid process and the tip of the olecranon of the elbow (also known as 
mid-shaft radius) of the non-dominant arm were evaluated by single-photon 
absorptiometry (SPA) (Cameron et al. 1968; Sorenson & Cameron, 1967) using the 
Norland 2780 bone absorptiometer (Norland Corp., Fort Atkinson, WI, USA) which 
is a portable instrument. The principles, limitations and operation of the instrument 
have been critically reviewed in Chapter 2，section 2.6.1, and reported previously 
(Sorenson & Cameron, 1967; Lee et al. 1993a; Lee et al. 1993b). The ratio of 
BMC/BW is an areal density derived by dividing BMC by BW. Two scans were 
performed and an average value was taken. The source for the absorptiometer is P， 
with a maximum strength of 7.4 GBq (200 mCi), which has to be replaced every 6 
months. Irradiation to the forearm from the duplicate scans is very low, with a 
maximum surface dose of 40 uSv. Radiation dose received by a subject was less than 
10% of a conventional X-ray examination of the forearm (DePriester et al. 1991). 
Every 6 months, the instrument was carried from Hong Kong to Jiangmen to perform 
bone mineral measurement. The absorptiometer 
reference phantom. Bone mineral measurement was performed by the : 
throughout the trial. Precision errors in between scans without repositioning of the 
subjects were 2.1 % and 2.29 % for BMC & BW respectively throughout the study. 
Intra-class correlations between scans with subjects repositioning for BMC and BW 
were 0.937 and 0.906 respectively. 
Ideally，bone mineral mass of more than one skeletal sites such as the lumbar spine 
and femoral neck regions need to be evaluated in order to evaluate the effects of 
calcium supplementation on various skeletal sites. However, Dual energy x-ray 
absorptiometer (DEXA), which is a conventional instrument to measure bone mineral 
mass of the axial skeleton was not available in Jiangmen. In fact, the instrument of 
SPA is an appropriate to evaluate the changes in bone mass. Cohn et al. (1975) and 
Christiansen & Rodbro (1975) demonstrated that BMC measured by SPA in the distal 
forearm is well correlated with total body calcium. In our previous studies using the 
same Norland 2780 bone absorptiometer one could differentiate children of a lower 
forearm BMC with a low calcium intake from those of a higher forearm BMC but 
79 
having a higher calcium intake (Lee et al. 1993a & 1993b). 
Assessment of physical activity 
Physical activity in children and adolescents is positively associated with the 
development of bone mass (Slemenda et al. 1991b; Turner et al. 1992). Variation in 
physical activity among individuals could be a confounding factor on bone 
mineralisation. Hence, the amount of physical activity for every study children was 
evaluated prospectively by a physical activity diary. A detailed account of the 
methods to assess physical activity for children has been critically reviewed in 
Chapter 2，section 2.9. 
The number of hours that a child spent on daily physical activity was evaluated by 
using a prospective 3-day activity record adapted from Bouchard et al. (1983). A 3-
day record is considered to be the minimum period to obtain an average 
representation of activity of any individual (Durnin, 1990). The study children went 
to school Monday through Saturday. In the 3-day period, two days had to be school 
days, and a physical education lesson had to be included in one of the two school 
days, while the third day had to be a weekend day. In the activity diary, a day"s 
record was divided into 96 periods of 15-min each. Physical activities were 
categorized into a 7-grade scale with respect to the intensity of activity as modified 
from Bonchard et al. (1993) (See Appendix 1 & Table 3.1). The importance of 
maintaining a usual life style and activities during the study period was emphasized. 
The children and parent worked together to fill in the diary. The parent recorded the 
children、activities in the diary in an hourly interval ever since the children woke up 
in the morning. On the other hand, the children recalled his/her activities in school 
with an aid of the class time-table. A categorical number (scale 1-7) was entered into 
the form corresponding to the dominant type of activity for every 15 minutes" 
interval. The total number of hours the children participated in the categorized 
activities between Grade 4 to 7 was averaged over the 3-day period. 
Evaluation of Serum 25-hvdroxvvitamin D. Concentration 
Calcium absorption is facilitated by vitamin D, which is as an important factor for 
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nutritional adaptation to occur (Hegsted et al. 1952; Norman, 1990). A detailed 
account on the role of vitamin D in calcium metabolism is given in Chapter 2， 
sections 2.2.4 and 2.2.6 (2). A very recent study has shown that serum concentration 
of 25-hydroxyvitainin D3 (25-OHD) of young children in urban and farming areas of 
Guangdong province was normal which was attributable to the abundant amount of 
sunshine throughout the year, and there was no biochemical and clinical evidence of 
nutritional rickets in this area (Leung et al. 1993). In the present trial, biochemical 
assessment of vitamin D nutritional status was undertaken in a random sub-sample of 
the study children to confirm the results of the latest biochemical study of vitamin D 
status (Leung et al. 1993). 
At the commencement of the trial (in the winter month of December), serum 
concentration of 25-hydroxyvitamin D3 (25-OHD) was evaluated in 18 children 
randomly selected from the cohort, using a radioimmunoassay (RIA) in the form of 
a commercial kit (INCSTAR 25-OH-D RIA Kit, Incstar Corp. Stillwater, MN, USA). 
Five ml of venous blood was drawn in the morning after an overnight fast. The 
plasma was separated, kept in dry-ice and carried back to Hong Kong for analysis. 
Upon arrival in Hong Kong (a 3-hour trip), the samples were stored at -70 ^ C until 
analysis. The assay was carried out by the Department of Chemical Pathology, under 
the supervision of one of our collaborators, Professor John Masarei. The details of 
the assay procedures were described in Appendix 2. 
Ethical Considerations 
The study protocol was approved by the Ethics Committees of The Faculty of 
Medicine, The Chinese University of Hong Kong, and the Institute of Food Research. 
United Kingdom. Informed consent was obtained from all the parents. A sample of 
the consent form is given in Appendix 4A. 
Statistical Analysis 
Descriptive statistics (means 士 SDs) were determined for all variables. Test for 
normality for the distribution of each variable was carried out to determine whether 
or not a parametric or a non-parametric test would be appropriate for data analysis. 
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Comparisons of group mean differences in serum 25-OHD concentration, and in 
percentage increases in BMC, BW, BMC/BW, weight and height were tested using 
Mann-Whitney U test for reasons of either small sample number or non-normal 
distributions of the data. Otherwise, other variables were compared by 2-tailed 
Student、t-test. The level of significance for the test statistics was set at P<0.05. 




There was only one drop-out from the trial. One boy from the study group withdrew 
within the first 6 months because of an illness not related to the use of calcium 
supplements. A few cohort children did not take the tablets at times when they were 
sick, were absent from school or failed to finish the tablets given for long school 
holidays. Otherwise, compliance remained consistent throughout the trial. Mean 
estimated compliance was 92%, the compliance rates were not significantly different 
between the study and control groups (P>0.05). 
Baseline characteristics 
士 SD dietary calcium intake of all the cohort children was 279 ± 100 mg/d. 
；characteristics of the study and control groups did not differ significantly 
(P>0.05) (Table 3.2). There were also no significant differences between the study 
and control groups with respect to initial age, dietary intake, weight, height, bone 
mineral measures, and physical activity (Table 3.2). In addition, there were no 
significant differences between the study and control groups with respect to baseline 
dietary intakes, weight and height and BMC/BW (Table 3.3). However, baseline 




One hundred forty-one records of physical activity were completed; 115 records 
accepted and the rest were rejected because of incomplete recording. The 
number of hours that the study children spent in Grade 4 to 7 physical activities was 
2.75 h/d. There was no significant difference in physical activity between the study 
and control groups (P > 0.05) (Table 3.2), and boys were found to be relatively more 
active than girls (P=0.039) (Table 3.3). 
Serum Concentration of 25-hvdroxwitamin D, 
The serum 25-OHD concentration of the 18 randomly selected study children was 
31.05 士 7.37 ng/mL. Serum 25-OHD concentrations of the study and control groups 
were 30.58 士 6.14 ng/mL (n=6) and 31.28 士 8.16 ng/mL (n=12) respectively. 
There was no significant difference in serum 25-OHD concentration between the 
study and control groups (P=0.851). The mean serum 25-OHD concentration of the 
18 children was threefold greater than the biochemical diagnostic index for vitamin 
D deficiency (10 ng/mL) (Grindulis et al. 1986). Hence, the vitamin D nutritional 
status of the children in the current study was adequate. 
Increments of bone measures and height throushout the trial 
Table 3.4 summarizes bone mineral acquisition and weight and height accretions from 
the study and control groups after 18 months of supplementation. After 18 months, 
the study group had significantly greater gains in mid-shaft radial BMC (16.51% V5 
1 3 . 9 7 %； P=0.02), and BMC/BW (9.45% V5 6.31%; P=0.0008) when compared 
with the control group. Thus, the increments of these two bone measures in the study 
respectively, 18.2% and 50% greater than those of the controls. By 
/ere no differences in the increments of BW, weight and height 
the study and control groups after 18 months. Figure 3.1 shows the 
percentage increments of BMC, BMC/BW and height every 6-month throughout the 
trial period. The gain in BMC of the study group appeared to be significantly higher 
than that of the controls by the 12th month (12.0% 10.1%; P=0.035)，and such 
a difference continued to the 18th month (P=0.02). The percentage gain in BMC/BW 
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of the study group exceeded the controls by the 6th month (3.07% v^ 2.02%; 
P=0.0067), and remained significantly higher by the 12th month (7.67% V5 5.27%; 
P二0.0092)，and the 18th month (P=0.0008). There was no significant difference in 
height increment between the study and control groups throughout the trial. 
The children were further grouped according to sex to see the effects of 
supplementation on bone mineral acquisition and weight and height accretions 
between the calcium supplemented and placebo treated children of the same gender. 
Table 3.5 shows that the acquisition of bone, weight and height of the study and 
control groups after the trial in the respective sex groups. For boys, the acquisition 
of BMC, BMC/BW and height of the study group was significantly higher than that 
of the control group. Whereas for girls, the increases in BW and BMC/BW were 
significantly higher than those of the control group. 
3.3.5 
Ejects of calcium supplementation on bone mineral and heisht acquisition 
To our knowledge, the current study is the first randomized, controlled 
supplementation trial in Chinese children with habitual calcium intake as little as 280 
mg/d. The study group in the present trial received approximately 300 mg/d 
supplemental calcium for 18 months. The calcium supplemented children were found 
to have additional gains in radial BMC (2.54%) and BMC/BW (3.14%) relative to 
the controls at the end of the trial. The additional increments in radial BMC and 
BMC/BW of the study group were respectively 18.2% and 50% greater than the those 
of the placebo group. 
Compliance 
The compliance rate in the present trial was found to be higher when compared to 
other studies in which the tablets were given to the subjects at home (Johnston et al. 
1992； Lloyd et al. 1993). The higher compliance achieved (>90%) might be 
attributed to the way tablets were administered. The tablets were given to the children 
immediately after school breakfast in a classroom setting on a daily basis, and 
children regarded taking tablets as part of the daily routine at school. Secondly, the 
administration of tablets to children by teachers might help to maintain consistent 
compliance throughout the trial. 
3.3.6 Conclusion 
To conclude, after the 18-month randomised double-blind controlled calcium 
supplementation (given with 300 mg/d elemental calcium) in Jiangmen children 
consuming habitually low calcium diets, the study group children showed significant 
gains in mid-shaft radial BMC and BMC/BW when compared with the controls. 
However, calcium intake per se had no benefit on height increase. The results of the 
randomised controlled trial confirmed the hypotheses that calcium intake per se has 
a positive effect on bone mineral acquisition but it has no effect on height increment 
of children. 
PART II 
3.4 Randomised double-blind controlled calcium supplementation in relation 
to bone mineral accretion and height increment of Hong Kong Chinese 
children 
3.4.1 Introduction 
It has been suggested that peak bone mass of an average adult Chinese is in general 
smaller in comparison to an average adult Caucasian (Garn et al. 1964; Lee et al. 
1993； Hu et al. 1993), it follows that skeletal calcium accretion during the years of 
growth in the Chinese children may be lower than that of the Caucasian counterparts 
(Lee, 1993; Matkovic & Illich, 1993). There have been limited published data on the 
relationship between calcium intake and bone acquisition among the Chinese children 
and adolescents. Until recently, our research group have reported that the bone mass 
ofpre-school Chinese children was positively associated with calcium intakes over the 
past years (Lee et al. 1993a), and that pre-school children from Mainland China with 
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mean habitual calcium intake of 245 mg/d had bone mass 14% less than the 
counterparts from Hong Kong whose mean habitual calcium intake was 540 mg/d 
(Lee et al. 1993b). Over the past decades, food habits of the Hong Kong Chinese 
have been influenced substantially by the West, there is an increased consumption of 
cow"s milk among the Hong Kong Chinese children. More than 40 % of dietary 
calcium in 5-year old children is derived from milk with mean calcium intake rising 
to approximately 550 mg/d (Lee et al. 1993a). However, there is a lack of data on 
the rate of bone acquisition when the Chinese children accustomed to such habitual 
levels of calcium intake are brought up to the Recommended Dietary Allowances 
(RDAs) of the Western industrialised countries (German Society of Nutrition, 1981; 
National Research Council, 1989). 
3.4.2 Objectives 
Part n aims to study the effects of a randomised, double-blind, controlled calcium 
supplementation trial on bone acquisition including the radius, lumbar spine, proximal 
femoral neck, and height accretion of 7 years old Hong Kong Chinese children 
accustomed to a wider range of calcium intakes (mean intake « 550 mg/d). 
3.4.3 Subjects and Methods 
Study sample 
109 healthy Hong Kong Chinese children (63 boys and 46 girls) at age 7 years 
participated in the trial. The study children came from a cohort study of growth and 
nutrition (Leung & Lui，1989; Leung, 1990; Lui, 1992). In 1984, 174 normal 
newborn term infants were randomly recruited at a Maternal and Child Health Clinic 
(MCHC) in Shatin，Hong Kong. The infants were all within 7 days old at the time 
of recruitment. Since then they have been followed up each year, all the children have 
been growing normally without any major illness that would affect their normal 
growth (Leung, 1990; Lui, 1992; Lee et al. 1993a). The cohort children were 7 years 
of age when they entered into the current trial. 
In 1991, 133 seven-year old children remained in the cohort, 109 children agreed to 
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participate in the supplementation trial. The selection criteria were similar to the ones 
used in Jiangmen in the first part of this Chapter. All the children have been growing 
normally since birth, none of them had any recent metabolic disorder or incident of 
fractures which might directly or indirectly affect bone metabolism. These 109 study 
children were firstly divided into two sex groups. In each group, the children were 
randomly allocated, using a computer software (Random Sampling Generator, Epistat 
Statistical Package; Patented by Dr. TL Gustafson, Texas, USA, 1984)，to either a 
study group or a control group. There were 54 children (32 boys & 22 girls) in the 
study group and 55 children (31 boys & 24 girls) in the control group. The controlled 
trial lasted for 18 months. The randomisation codes were kept by the Statistician 
(J.L.) of the Centre for Clinical Trial and Epidemiological Resarch as mentioned in 
Part I of this chapter. The codes were broken upon completion of the trial. 
Calcium supplementation 
Calcium carbonate (Tums-Ex) and placebo tablets used in the Hong Kong calcium 
supplementaton trial were identical to the ones used in the Jiangmen trial, and the 
tablets were manufactured by the same manufacturer (Smithkline Beecham， 
Weybridge, U.K.). Each tablet contained 300 mg elemental calcium, such a daily oral 
dose of 300mg elemental calcium would bring up the oral calcium intake from «550 
mg/d to « 800 mg/d. This level of intake is comparable to the RDAs of the Western 
developed countries (National Research Council, 1989; German Society of Nutrition, 
1991). Placebo used was calcium-free sucrose tablet. The color, shape and taste of 
the placebo were similar to the calcium supplement. The study children required to 
take one tablet daily immediately after breakfast. 
Study children from Hong Kong went to different schools. Thus, every 6-monthly 
appropriate numbers of tablets were given to the parents to be dispensed to each child 
at home. Compliance was calculated by counting the number of tablets left in the 
returned bottles. Throughout the supplementation period, all the children, parents and 
field workers were blinded to the randomisation design of the trial. Two research 
nurses were responsible for monitoring the compliance of the subjects on a monthly 
basis by encouraging the children to comply with the instructions throughout the trial. 
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Assessment of baseline dietary intake 
Baseline dietary intake was assessed by the author by interviewing the child and 
his/her parents, using the method of dietary history, cross checked with a quantitative 
food frequency questionnaire and 24-hour recall. Details of the method have been 
described in Chapter 2，section 2.4.5. Dietary assessment aimed to obtain data of 
food intake and usual eating habits for the previous 6 months. The information was 
cross-checked with a food frequency list to validate the quantity, variety and 
frequency of food consumption (see Appendix 3). Any discrepancy of intake between 
the two methods would be clarified to obtain a value closest to the actual intake. For 
example, if a discrepancy in the amount of milk consumed was three bottles per week 
as assessed by dietary history v^. four bottles per week as assessed by food 
frequency, after clarification by the mother that the milk consumption would vary 
from three to four bottles per week, an average value of 3.5 bottles of milk would be 
taken. Most food items, if missed out, could be restored into the dietary history 
record by checking against the food frequency list. A 24-hour recall from a previous 
day was followed to cross-check the consistency of food habits against the hours of 
the day. Any discrepancy that arose in the 24-hour recall would be clarified in a 
similar manner as mentioned above. Information of dietary intakes obtained by the 
methods of dietary history combined with cross-checking against a food frequency list 
and a 24-hour recall should provide a more valid estimation of habitual food intake 
(Lee et al. 1993a). This method has an advantage of assessing average habitual 
intakes of individuals over a specified period of time without interfering usual dietary 
habits (Burke, 1947; Jain, 1989). The method also allows day-to-day as well as 
variations on food intake (Bingham, 1987). The validity of the method has 
by Bingham (1987). The children were also reminded to maintain 
usual eating patterns throughout the trial. 
Nutrient intake was calculated using a computerised food table with food items 
complied from appropriate food tables (U.S. Department of Health, Education & 
Health 1972; Pennington, 1989; Paul & Southgate，1978; Watt & Merrill，1983). 
Weight and height measurements 
Weight of children without wearing clothes was measured using a Seca electronic 
balance (corrected to 0.1 kg) (Seca: Model 707, Vogel & Halke GmbH & Co” 
Hamburgh, Germany). Standing height of children without wearing shoes was 
measured using a stadiometer (corrected to 0.1 cm) (Technical Services Unit, The 
Chinese University of Hong Kong). Weight and height were evaluated every 6-
monthly throughout the 18-month trial. 
Bone mineral measurements 
Bone mineral measurements of the skeletal sites of distal 
spine (L2-L4) and femoral neck of the proximal femur 
monthly during the trial. 
-third radius, lumbar 
e evaluated every 6-
Bone mineral content (BMC) and bone width (BW) at the distal 1/3 radius of the non-
dominant arm were evaluated by single-photon absorptiometry (SPA) (Cameron & 
Sorenson, 1963; Sorenson & Cameron，1967; Cameron et al. 1968) using a Norland 
2780 bone absorptiometer (Norland Corp., Fort Atkinson, WI, USA), which was 
exactly the same instrument used in the Jiangmen trial. The principles and limitations 
of the technique have been reported previously (Prentice et al. 1990; Lee et al. 
1993a，1993b) and critically reviewed in Chapter 2，section 2.6.1. The operation 
procedures and the amount of radiation exposure were given in Part I of this 
Chapter. Two scans were performed and an average value was taken. Bone mineral 
measurements were performed by the same observer throughout the trial. 
Lumbar spinal (L2-L4) bone mineral content (LSBMC), lumbar spinal (L2-L4) bone 
mineral areal density (LSBMD)，femoral neck bone mineral content (FNBMC) and 
femoral neck bone mineral areal density (FNBMD) of the proximal femoral neck 
were determined in antero-posterior position by dual-energy x-ray absorptiometry 
(DEXA) (XR-26. Norland Corp., Fort Atkinson, WI, USA). The principles of 
DEXA, accuracy and precision of the technique have been reviewed in Chapter 2 
section 2.6.3，and described by Sartoris & Resnick (1989), Genant et al. (1989)，and 
Ho et al. (1990). The radiation that the subject actually absorbed was low (<30 uSv 
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per scan) (Genant et al. 1989). Lumbar spine (L2-L4) was scanned in antero-posterior 
position. The child"s upper legs were bent at the hip and the lower legs were elevated 
using a support to minimise lumbar lordosis during spine measurements. The scanning 
of the spine started at the apex of the processus xiphoideus. The end point was 
located at the level of iliac crest. The width of the scan was 9 cm, the point and line 
resolution was set at 1.5 mm. The scan speed was 60 mm/sec. The region of interest 
was defined as the area between two parallel lines located in the intervertebral spaces 
of L1-L2 and L4-L5. Special attention was given to identify the Thl2/Ll and L5 
vertebrae. BMD in gram/cm^ is derived by dividing BMC in gram by the projected 
area of the bone. However, this measure is not a true volume density because the 
anterio-posterior depth and thus the volume of vertebrae cannot be determined by 
DEXA. BMD is a means to normalize BMC for the size of the vertebrae. To scan the 
proximal femoral neck in antero-posterior position, a foot support was used to 
maintain an angle of 20。inward rotation of the legs to compensate for femoral neck 
anteversion. The left femoral neck was measured throughout this study. The region 
of interest at the proximal femoral neck was defined as a region between the two 
parallel lines, the upper line located 1 mm distal to the recognisable base of the 
femoral neck, and the lower line was approximately 5 mm below the contour of the 
recognisable distal base of the greater trochanter. The scan width was 9 cm, the point 
and line resolution was set at 1 mm. The scan speed was 45 mm/sec. The non-
dominant sides of the limbs were used for measurements throughout the trial. 
Quality assurance tests for both instruments (SPA and DEXA) were performed by 
daily calibration against the respective standard phantoms provided by the 
manufacturer. For the technique of SPA, precision errors incurred in two successive 
scans without repositioning of the subjects were 2.1 % and 2.29 % for BMC & BW 
respectively. Intra-class correlations between scans with subjects repositioning for 
BMC and BW were 0.937 % and 0.906 % respectively. The precision of the 
positioning technique using DEXA has been studied in 10 healthy adult volunteers 
measured 5 times, each time with repositioning, the coefficients of variation were 
1.4% and 2% for the lumbar spine (L2-L4) and femoral neck respectively. To 
minimise inter-observer variability in the measurements, one research nurse was 
assigned to perform the measurement throughout the trial. 
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Assessment of physical activity 
The level of physical activity has been shown to be positively associated with a higher 
bone density in children (Slemenda et al. 1991; Grimston et al. 1993). The amount 
of physical activity of the study children was assessed using a 3-day physical activity 
record adapted from Bonchard et al. (1983). The methods of assessment and 
computation of physical activities were similar to those used in the Jiangmen trial 
(Part I，Section 3.3.3). 
Evaluation of Serum 25-hydrox\vitamn D, Concentration 
Hong Kong, like Jiangmen is situated in the region of sub-tropical climate, there is 
an abundant of sunshine throughout the year. At the commencement of the trial, 20 
children were randomly selected to evaluate the average serum concentration of 25-
hydroxyvitamin D3 (25-OHD). Serum level of 25-OHD was evaluated at the 
commencement of the trial in December (winter) using a radioimmunoassay (RIA) in 
the form of a commercial kit (INCSTAR 25-OH-D RIA Kit, Incstar Corp. Stillwater, 
MN，USA). Five ml of venous blood was drawn in the morning after an overnight 
fast. The plasma samples were separated and stored at -70 All the plasma samples 
from Jiangmen and Hong Kong were assayed for 25-OHD using the same assay 
technique in the Department of Chemical Pathology. The details of the assay 
procedures are given in Appendix 2. 
EtMcal Considerations 
The study protocol was approved by the Ethics Committees of The Faculty of 
Medicine, The Chinese University of Hong Kong, and the Institute of Food Research. 
United Kingdom. Informed consent was obtained from all the parents. A sample 
consent form is shown in Appendix 4A. 
Statistical Analysis 
Descriptive statistics (mean 士 SDs) were determined for all variables. Test for 
normality of the spread of data for each variable was carried out to determine whether 
or not a parametric or a non-parametric test would be appropriate for data analysis. 
Owing to the small sample size or non-normal distribution of some variables, Mann-
Whitney U test was used to compare mean differences in serum 25-OHD 
concentration, baseline characteristics between the drop-outs as well as the successful 
participants, and the mean percentage increases in bone measures and body size 
between the study and placebo groups. Otherwise, 2-tailed Student"s t-test was used 
throughout the report. Multiple regression analysis with enter and stepwise procedures 
was used to control for baseline variables to predict the treatment effect on the net 
increase in lumbar spinal BMC over the trial. Diagnosis of residuals was performed 
and leverage points were identified. 
To compare the results obtained from the two calcium trials in Jiangmen and Hong 
Kong, analysis of covariance (ANOVA) was carried out to determine the significant 
determinants on the rates of change of radial BMC and radial BMC/BW in all the 
study children (Jiangmen and Hong Kong as a whole), confounding variables such as 
treatment effect (Calcium supplements or placebo), country (Hong Kong of 
Jiangmen), sex, baseline BMC, and physical activity, etc., were adjusted for in the 
analysis. The level of significance (2-tailed) was P<0.05. Statistical analysis was 
performed by SPSS/PC, Version 4.0, SPSS Inc., Chicago, IL，USA. 
3.4.4 Results 
Compliance 
84 out of 109 children completed the trial. The successful rate of the trial was 77% 
(n=84). 22 out of 109 children withdrew in the first 12 months of the trial, of whom 
13 disliked the flavour of the tablets, six complied poorly and therefore withdrew 
subsequently, whereas three had stomach upset after taking the tablets. Three cases 
were rejected upon completion of the trial because one boy immigrated out of Hong 
Kong after 12 months of the trial, two girls moved houses and lost contacts for the 
last follow-up session. Mean compliance (tablets count) of the 84 children who 
successfully completed the trial was 82%, the rate of the compliance was higher in 
the first year (84%) and then dropped to 77% in the last 6-month of the trial. There 
was no significant difference in the mean 士 SD compliance between the study and 
the control groups throughout the trial (80 士 15% 84 士 16%; P=0.29). 
Baseline characteristics 
Mean 士 SD baseline dietary calcium intake of the 84 successful participants was 567 
士 330 mg/d. Table 3.6 compares the baseline characteristics between the study and 
control groups of the 84 successful participants. There were no significant baseline 
differences in dietary intakes, body size and bone measures between the study and 
control groups (P>0.05). Table 3.7 compares the baseline characteristics between 
boys and girls of the 84 successful participants. 
Physical activity 
Physical activity assessment, 74 out of 84 records of physical activity were accepted, 
while the remaining 10 records were rejected due to incomplete recording. The mean 
士 SD number of hours that the study children spent on physical activity (grade 4 to 
7) was 2.8 士 0.9 hrs. There was no significant difference in the amount of time spent 
on physical activity between the study and control groups (P=0.36) (Table 3.6). 
Serum Concentration of 25-hvdrox\vitamin D, 
Mean 士 SD serum 25-OHD concentration of the 20 randomly selected children was 
33.69 士 7.74 ng/mL. Mean ± SD serum 25-OHD concentrations of the study and 
control groups were 34.82 士 8.23 ng/mL (n=10), and 32.57 士 7.48 ng/mL (n=10) 
respectively. There was no significant difference in serum 25-OHD concentration 
between the study and control groups (P=0.71). The mean serum 25-OHD 
concentration of the 20 children was 3-fold also above the biochemical diagnostic 
index for vitamin D deficiency (10 ng/mL) (Grindulis et al. 1986). Hence, the 
vitamin D nutritional status of the study children in the current study should not be 
inadequate. 
Comparison of Bone measures between the successful participants and the drop-outs 
Baseline characteristics of the 25 drop-outs or rejected cases were compared to those 
of the 84 children who completed the trial. There were no significant differences in 
dietary intakes, weight, height, and bone measures between the withdrawals and the 
84 children who completed the trial (P>0.05). As compliance was the best in the 
first six months (85%), and a majority of the withdrawals occurred during the second 
six months of the trial, comparisons were carried out to examine whether there was 
any difference in response to the treatment effect between the drop-outs and the 84 
children who completed the trial in the first 6 months. The differentials in weight, 
height and bone measures between the drop-outs and the successful participants were 
compared. In the study group, the mean height increment was slightly higher in the 
drop-out children ( n= l l ) (3.6 士 0.5 % vs 3.2 士 0.6 %; P=0.036) when compared 
with the successful participants (n=44), whereas the increment of radial BMC/BW 
of the drop-outs was lower (2.3 土 5.3 % vs 6.1 士 4.0 P=0.033) than that of the 
successful participants. Otherwise, other variables did not differ significantly. On the 
other hand, among the controls, the percentage increment of the LSBMD was 
significantly lower in the drop-outs (n=14) (2.8 士 2.9 % v^ 5.6 士 3.9 %; P=0.027) 
than in the successful participants (n=40). 
Increments of bone measures and height throushout the trial 
Due to an electronic break down of the DEXA instrument during the 12th month 
follow-up, there were no data available for the lumbar spine and the femoral neck 
regions in the 12th month follow-up session. Table 3.8 shows bone mineral 
acquisition, weight and height increases of the 84 successful participants after 18 
The study group had significantly greater gains in the LSBMC (20.95% V5 
=0.035), and LSA (11.16% VJ8.71%; P=0.049) when compared with the 
control group. The mean 士 SD ratios of percentage increase in LSBMC to percentage 
increase in LSA of both the study group (1.58 士 2.7) and control group (1.12 ± 3.2) 
were not statistically different (P=0.325). The results of analysis imply that in both 
the study and control groups, LSBMC and its projected vertebral area (LSA) expand 
with a similar ratio but at different rates. That may explain in part why the 
differential of LSBMD was not significantly different between the study and control 
groups (8.82% v^ 7.01%; P=0.2). On the other hand, in the study group there was 
a greater but not significant increase in radial BMC/BW (7.74% V5 6.0%; P=0.081) 
when compared with the controls. There were no significant differences in the 
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differentials of FNBMC (P=0,37) and FNBMD (P=0.76) between the study and 
control group. In addition, there were no significant differences in the percentage gain 
of weight (P=0.46) and height (P=0.92) between the study and control groups. 
Further analysis was attempted to examine whether there was a true treatment effect 
(calcium supplement or placebo) on the net increase in LSBMC. Multiple regression 
analysis was employed to examine whether the observed treatment effect on LSBMC 
was confounded by variables such as gender, baseline weight, height, LSA, dietary 
intakes of calcium and protein. Since there was a strong positive correlation between 
baseline height and weight (r=0.75, P< 0.0001) as well as between baseline calcium 
intake and protein intake (r=0.50，P < 0.0001); hence, weight and protein intake were 
not used in the regression model to avoid collinearity. When all the 5 independent 
variables were entered into a single model (Table 3.9), only treatment effect (partial 
r 二 0.32，P=0.0041) and baseline calcium intake (partial r 二 -0.29，P=0.0089) 
were found statistically significant to predict the net increase in LSBMC. An 
alternative multiple regression model using stepwise approach gave similar results, 
with treatment effect (partial r = 0.32，P=0.003) and baseline calcium intake (partial 
r = -0.26, P=0.016) being the two significant independent variables. Furthermore, 
in the stepwise procedure, no interaction was found between treatment effect and 
baseline calcium intake (P=0.30). The results suggest that the significant treatment 
effect had not been confounded by the variables examined. 
It is interesting to find that baseline calcium intake was negatively correlated with the 
net increase in LSBMC in multiple regression analysis. Further diagnosis of the 
residuals was performed. In the scatter-plot between baseline calcium intake and the 
net percentage change in LSBMC, there were three data points which had 
percentage changes in LSBMC. When one of the three points with the 
Cook"s distance (0.147) was removed from the analysis, baseline calcium intake 
became non significant (P=0.11), whereas treatment effect remained significant 
(P=0.0057). Furthermore, when all three data points with Cook"s distance between 
0.119 to 0.147 were excluded from the analysis, baseline calcium intake was also non 
significant, and treatment effect remained significant (P=0.022). Therefore, these 
three data points behaved like leverage points (Kleinbaum et al. 1987). However, an 
outlier should only be deleted provided that a cause, such as an error, is identified 
(Draper & Smith, 1981). In this study, there is no evidence to suspect that these three 
data points are erroneous. Therefore, these data points were still included in the 
analysis, and the results of analysis should be interpreted with caution. In summary, 
treatment effect was consistently demonstrated to be a significant determinant to 
predict the change in LSBMC after the 18-month trial. Based on the results of 
statistical analysis, there is no convincing evidence to support the hypothesis that the 
net increase in LSBMC after the trial period was negatively correlated with baseline 
calcium intake. 
3.4.5 Discussions 
Calcium supplementation in relation to acquisition of bone and height 
The results of the Hong Kong trial were in line with those obtained in the Jiangmen 
trial confirming the 
hypothesis that an increased calcium intake in children has a beneficial effect on bone 
mineral acquisition. To our knowledge, there have been no published interventional 
studies to evaluate the effects of increased calcium intake per se on skeletal accretion 
and height increase in Chinese children whose habitual dietary calcium intake was 
about 570 mg/d. Children in the study group received an extra 246 mg/d 
supplemental calcium (after correcting for the compliance of 82 %) in addition to the 
basal dietary intake of 570 mg/d throughout the trial. Such a level of overall intake 
has achieved the RDAs of most western industrialized countries (National Research 
Council, 1989; German Society of Nutrition, 1991). There were extra gains in 
LSBMC (4.6%) and LSA (2.5%) when the study group children were compared with 
the controls. The additional gains in LSBMC and LSA in the study group were both 
28% greater than those in the placebo group. The differential in radial BMC/BW 
between the study and control groups also approached significance (P=0.081). 
Calcium supplementation undertaken for 18 months had no marked beneficial effect 
on the differentials ofFNBMC and FNBMD (P>0,05). There was also no additional 
benefit on height increment. In short, the results of the 18 months calcium trial 
showed that increasing calcium intake per se to approximately 800 mg/d enhanced 
vertebral bone acquisition remarkably in Hong Kong Chinese children but it had no 
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beneficial effects on proximal femoral neck. Furthermore, calcium supplementation 
did not enhance height increment. 
Compliance 
The compliance rate in the present trial although was lower than that of the Jiangmen 
trial (92 %) in Part I of this chapter, which might be due to the difference in the ways 
of distributing the tablets. The compliance rate，in fact, was somewhat higher when 
compared to those of Johnston et al. (1992) (72%-74%) and Lloyd et al. (1993) 
(64%-77%). The relatively higher compliance rate achieved (82%) in the Hong Kong 
trial might be attributable to the effort of our research nurses to encourage the 
childreiTs compliance regularly throughout the trial, and the co-operative efforts of 
the parents to supervise their children at home to take the tablets. 
Limitations of the DEXA technique 
The technique of DEXA measures bone mass of both the trabecular bone (25%) 
within the vertebral body and the cortical bone (75%) of the posterior processes per 
unit projected area of the vertebrae (in g/cm^) (Ott，1991). The technique cannot 
quantitate true volume density because the antero-posterior depth and thus the volume 
of the bone cannot be determined by DEXA. During growth, both the vertebral bone 
mass and its volume increase, the results of the present study show that the ratios of 
percentage increase in LSBMC and LSA were similar in both the study and control 
groups, but the rates of increase in LSBMC and LSA in the study group were 
significantly greater than those in the control group. Such phenomena suggest that 
calcium supplementation increases both the bone mass and bone area of the vertebrae. 
Due to the inherent technical limitation of DEXA, the evaluation of areal bone density 
(i.e. LSBMD) is influenced by the increase in the size of the vertebrae, the values of 
both bone mass and bone area increase in the absence of any marked change in bone 
density. Such an observation has been reported by other workers (Gilsanz et al. 1988; 
Glastre et al. 1990; Katzman et al. 1991). Gilsanz et el. (1991) used the technique of 
quantitative computed tomography (QCT), which measures the actual volume of the 
bone (in g/cm^), to study the longitudinal increase in LSBMD between black and 
white adolescent girls before and after puberty. After puberty, the increase in bone 
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density of black girls significantly exceeded that of white girls (34% V5 11%). Such 
a magnitude of racial discrepancy in bone density was found higher than other reports 
in which LSBMD was determined by DEXA (Glastre et al. 1990; Southard et al. 
1991; Bell et al. 1991). The authors attributed the greater discrepancy in vertebral 
growth as found in their study to the methodology in quantifying bone density 
(Gilsanz et el. 1991). 
3.4.6 Conclusion 
In conclusion, in an 18-month controlled calcium supplementation trial by 
administering 300mg elemental calcium or a placebo daily to a group of Chinese 
children whose mean basal calcium intake was approximately 570mg/d, the results 
showed that the study group had significant increases in lumbar spinal BMC (20.9% 
V5 16.34%; P=0.035) and lumbar spinal area (11.16% v^ 8.71; P=0.049) when 
compared with the control group. The study group also showed a moderate increase 
of radial BMC/BW (7.74% V5 6.00; P=0.081). However, calcium supplementation 
had no beneficial effects on the increments of femoral neck bone mass and height in 
the study children. The results of the randomized controlled trial confirmed the 
hypotheses that calcium intake per se has a positive effect on bone mineral acquisition 
but it has no effect on height increment of children. 
3.5 Comparisons of the two calcium supplementation trials from Jiangmen 
and Hong Kong 
Further analysis was attempted by merging the two sets of data base from Jiangmen 
and Hong Kong to compare the results of the two independent but similar controlled 
trials. Table 3.10 shows that the mean baseline BMC, BW and BMC/BW of the 84 
Hong Kong children were significantly higher than those of the 162 Jiangmen children 
(P<0.05). The baseline BMC and BMC/BW of Hong Kong children were 6.2% and 
2.7% respectively higher than those of Jiangmen children. Table 3.11 summaries the 
baseline characteristics of the respective study and control group in the two controlled 
trials. There were no significant differences in baseline dietary intake, weight, height 
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& physical activity, serum vitamin D level, and bone mineral measures between the 
study and control groups in either Jiangmen or Hong Kong (P〉0.05). Furthermore, 
by applying the one-way ANOVA test, there was a significant difference between the 
4 sub-groups (i.e. the study and control groups in Hong Kong and Jiangmen) with 
respect to the mean baseline BMC (P=0.019) (Table 3.11). From the results of the 
ANOVA analysis, it was found that the mean baseline BMC of the Hong Kong 
control group was significantly higher than that of the Jiangmen study group 
(P=0.05) and Jiangmen control group (P=0.05). In addition, there was a marginal 
significant difference in the mean baseline BMC/BW between the 4 sub-groups (i.e. 
the study and control groups in Hong Kong and Jiangmen) (P=0.056，oneway 
ANOVA test) (Table 3.11). The mean baseline BMC/BW of the Hong Kong study 
and control groups were slightly higher than those of the Jiangmen groups (Table 
3.11). 
Table 3.12 summaries the results of comparison after the supplementation study, the 
findings that the differentials of the net increases in radial BMC and radial BMC/BW 
between the study and control groups of Jiangmen children were significant; however, 
such phenomena were not found among the Hong Kong group children (Table 3.12). 
One of the explanations based on the above statistical analyses was that the baseline 
levels of BMC and BMC/BW of Hong Kong children were higher than those of 
Jiangmen children (Tables 3.10 & 3.11). Furthermore, the baseline calcium intake 
of Hong Kong children was higher than that of the Jiangmen counterparts (Table 
3.11). As a result, the response of bone to calcium supplementation among Hong 
Kong children might be less than that of Jiangmen children. 
Mann-Whitney U test was used to test whether the variations on the percent change 
of radial BMC or radial BMC/BW of all the study children (Jiangmen and Hong 
Kong) were respectively confound by a regional factor (location: Jiangmen or Hong 
Kong). The results of the analysis found that there were no regional significance in 
percentage change in radial BMC (P=0.60) or radial BMC/BW (P=0.31) 
the study group (n=123) and control group (n=123). Further attempt was 
test whether or the rate of increase of radial BMC/BW or radial BMC in all the study 
children (n=246) were respectively affected by the factors of treatment effect 
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(calcium or placebo), gender or region (location: Jiangmen or Hong Kong). Analysis 
of covariance (ANOVA) was used to test for the inter-group variances. The results 
showed that treatment effect (calcium or placebo) was the only significant variable to 
explain for the variance of the percentage change in radial BMC/BW (F value = 
0.001) or radial BMC (F value = 0.048), whereas gender difference and regional 
difference (F value >0.05) were not significant factors to explain for the variance. 
The significant influence of treatment effect remained even baseline confounding 
factors such as weight, height, level of physical activity, BMC and bone width were 
adjusted in the ANOVA analysis (radial BMC/BW: F value = 0.01; radial BMC: F 
value = 0.06). Therefore, the variations of percentage changes in radial BMC/BW 
or radial BMC of the study children in Jiangmen and Hong Kong over the 18-month 
calcium supplementation trials were principally due to the treatment effect. 
3.6 Chapter Discussions 
Prospective randomized double-blind controlled trials have definite advantages over 
cross-sectional studies in testing hypotheses. In the present trial，although we could 
not accurately assess actual intake of all the trial participants due to inherent bias 
incurred in any currently available dietary assessment methods as discussed in 
Chapter 2，section 2.4, we were reasonably confident that the study group ingested 
virtually double and 50% the amount of calcium than the control group in the 
Jiangmen and Hong Kong group respectively. Thus, we were able to determine 
whether a higher calcium intake makes any difference in bone acquisition and height 
increment. Confounding variables such as weight, height, BW, dietary intakes and 
physical activity are also controlled in the prospective randomized controlled trial. 
Vitamin D status and physical activity in relation to bone mineralisation 
Serum levels of 25-OHD among the 18 and 20 randomly selected children from the 
Jiangmen and Hong Kong trials respectively were within the normal range even the 
blood was taken for assay in winter season. Both Jiangmen and Hong Kong are 
situated in the southern-most part of South China where the climate is a sub-tropical 
one with plenty of sunshine throughout the year. The study children went outdoors 
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regularly each day, they should obtain most of their vitamin D by exposure to the 
sun. A recent study on serum 25-OHD in Hong Kong and Guangdong children also 
showed no evidence of sub-optimal vitamin D nutritional status (Leung et al. 1993). 
Therefore, vitamin D nutritional status of the study children in the two present trials 
should not be a limiting factor in bone mineralisation. 
As vitamin D nutritional status and the levels of physical activity were not statistically 
different between the study group and the control group, these two factors should not 
be the factors confounding the variation in bone acquisition between the study and 
control groups. 
A comparison of the Jiangmen calcium trial (Part I) with published studies 
To my knowledge, there have been two properly controlled double-blind calcium 
supplementation trials in children (Johnston et al. 1992) and adolescents (Lloyd et al. 
1993) reported in the literature. Both calcium trials were undertaken among 
Caucasians in USA and the habitual calcium intakes of the trial participants were 
comparable to or even higher than the U.S. RDA. Johnston et al. (1992) conducted 
a 3-year clinical trial in Caucasian monozygotic twins, among 22 pairs of prepubertal 
twins of mean age 7.4 year. After 3 year of supplementation, the calcium 
supplemented group significantly gained 5.1% more of mid-shaft radial BMC/BW 
relative to the placebo group. By comparing the results of the present Jiangmen trial 
with the twin study of Johnston et al. (1992) for the first 18-month duration, the 
initial forearm BMC/BW of the subjects in the Jiangmen trial (0.45 士 0.03 g/cm^; 
n=162) was slightly higher than that of the twins (0.42 士 0.06 g/cm^; n=44) 
(P<0.001) (Johnston et al. 1992; Slemenda, 1993). Besides, the average dietary 
calcium intake in the study group of the twins study (894 mg/d from the diet, 718 
mg/d from the supplement) throughout the trial period was almost three fold greater 
than that of the Jiangmen trial (280 mg/d from the diet and 276 mg/d from the 
supplement after corrected for compliance rate). It is interesting to note that after 
doubling calcium intake by calcium supplementation for 18 months resulted in 
comparable gains in additional forearm BMC/BW in both the present Jiangmen trial 
and the twin study (3.14% vs 3.6%). Lloyd et al. (1993) reported another controlled 
calcium trial comprising 94 twelve-year old adolescent females (Lloyd et al. 1993)， 
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and showed that when the study group with initial mean calcium intake of 1016 mg/d 
was supplemented with 354 mg/d calcium for 18 months, the increments of lumbar 
spine bone mineral content and lumbar spine areal bone mineral density in the study 
group were respectively 4.7% and 2.9% significantly greater than those of the control 
group after supplementation. 
A comparison of the Hons Kong calcium trial (Part ID with published calcium studies 
.The results of the calcium trial for the study children in Hong Kong were compared 
with the two aforementioned calcium supplementation trials in Caucasian children 
(Johnston et al. 1992) and adolescents (Lloyd et al. 1993). The mean calcium intakes 
of the subjects in the two studies (Johnston et al. 1992; Lloyd et al. 1993) were 
comparable or even higher than the U.S. RDA (National Research Council, 1989). 
Johnston et al. (1992) reported a calcium trial conducted for three years in Caucasian 
identical twins. By comparing the results of our Hong Kong trial with that of 
Johnston et al. (1992) for the first 18 months of the trial, although baseline mean 
radial BMC/BW of the subjects in our Hong Kong trial (0.46 士 0.04 g/cm】，n=84) 
was slightly higher than that of the twin study (0.42 士 0.06 glcm\ n=44) 
(P< 0.001) (Johnston et al. 1992; Slemenda, 1993)，the total calcium intake in the 
calcium supplemented group of the Hong Kong trial (habitual diet: 570 mg/d, 
supplement: 246 mg/d) was almost a half of the intake when compared with the twins 
study (894 mg/d from diet, 718 mg/d from the supplement), it is interesting to note 
that at the end of the 18-month trial, the Hong Kong study children were less 
responsive than the twin counterparts in terms of net gain in radial BMC/BW (1.74% 
V5 3.6%). However, both the Hong Kong trial and the twins study consistently 
demonstrated that calcium supplementation had little effect on bone acquisition in the 
proximal femoral neck. Recently, Lloyd et al. (1993) reported another calcium trial, 
94 twelve-year old Caucasian girls, the girls in the study group with basal dietary 
calcium intake of 1016 mg/d were supplemented with 354 mg/d calcium for 18 
months, the study group had LSBMD significantly increase by 2.9% when compared 
to the controls. However, the study group had a pronounced but not significant net 
gain in LSBMC (4.7%) when compared to the controls. Although the mean age of 
the study children in the Hong Kong trial was younger than those of Lloyd et al. 
(1993), and the mean habitual calcium intake our Hong Kong children was 
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approximately a half of that reported by Lloyd et al. (1993)，the net percentage 
increase in LSBMC in the study group of our Hong Kong trial was similar to that 
reported by Lloyd et al (1993). 
Results of the present two controlled trials together with two other properly controlled 
calcium trials (Johnston et al. 1992; Lloyd et al. 1993) support the hypothesis that 
increasing calcium intake in children and adolescents enhances bone acquisition. 
However, the magnitudes of bone acquisition as a result of calcium supplementation 
in these short duration controlled trials were moderate and were comparable. Results 
from these short duration calcium trials indicate that giving calcium supplements 300 
mg/d or 800 mg/d do not seems to make much difference in terms of additional 
increment in bone mineral mass provided that the vitamin D nutritional status of the 
children is normal. However, further dose-response study on the same ethnic group 
is required to confirm such an observation. In fact, the finding that calcium 
supplementation had a moderate effect on bone mineral accretion confirms two 
previous cross-sectional studies (Chan, 1991; Fehily et al 1992)，and a longitudinal 
study (Lee et al. 1993a) that bone mass in children was found to have a moderate 
correlation with calcium intake, and such a moderate correlation was further reduced 
after weight, height, physical activity, and dietary intakes were adjusted by multiple 
regression analysis (Lee et al. 1993a; Fehily et al. 1992). 
Calcium supplementation and heisht increment 
The findings from the current two trials found that calcium supplementation in seven 
years old Chinese children had no beneficial effect on height increase. The results 
also agree well with those of Johnston et al. (1992) and Lloyd et al. (1993). Studies 
in the early part of this century reported that children and adolescents supplemented 
with milk had increases in height (Leighton & Clark, 1929; Bureau of Statistics, 
1970). However, such increases in height after milk supplementation could be 
confounded by the fact that milk although is a good source calcium, it is also a rich 
source of energy and protein for growth and development. Clinical studies have 
shown that linear growth of children may be stunted by chronic insufficiency of 
energy and protein intake (Kirschner et al. 1978). Thus, using a calcium salt may be 
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superior to using milk as a supplement to test whether increasing calcium intake per 
se would enhance height increment among children and adolescents. 
3.7 Chapter Conclusion 
In conclusion, increasing oral calcium intake 300mg/d among low calcium intake 
Jiangmen children for 18 months resulted in additional gain in bone mass of the 
radius in comparison with the controls. On the other hand, lumbar spinal BMC and 
vertebral bone size of the Hong Kong children accustomed to « 570 mg/d had 
significantly greater increments when compared with the controls. An average 
additional 1.7% gain in skeletal mass per year in growing children may contribute to 
higher bone mass. However, calcium supplementation had no benefits on height 
increment in children based on the results of the two current trials. The small but non 
significant increases in bone mineral mass at mid-radius and femoral neck among the 
Hong Kong study children might be attributed to their relatively higher habitual 
calcium intake, compliance rate (82%) and/or a small sample size (n = 85). 
Nevertheless, whether attaining a higher bone mass at this prepubertal age would be 
beneficial to future peak bone mass needs further study. 
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Table of categorised daily activities 
Categorical Examples of activities 
number 
1 Sleeping and lying-down. 
2 Sitting: eating, writing reading and watching T.V., etc. 
3 Standing: standing, queuing, having shower and dish-washing, etc. 
4 Walking less than 4 km/h, shopping and walking up and down staircase, etc. 
5 Light household work: sweeping floor, window washing and walking at 4-6 
km/h, etc. 
6 Leisure and non-competitive sports activities in a recreation environment: hill 
walking, ping-pong ball, leisure cycling and running-around at home, etc. 
7 Competitive sports or activities of higher intensity: jogging, track and field, 
swimming, tennis and gymnastics, etc. 
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Table 3.2. Comparison of baseline characteristics (Mean 士 SD) of the study 










7.18 士 0.23 
2 8 5 士 114 
52.4 士 15.4 
6 6 0 2 士 1544 
1578 士 3 6 9 
7.22 士 0.17 
2 6 9 土 9 1 
60.9 士 11.0 
6 9 9 1 士 1008 
1671 土 2 4 1 
Weight (kg) 
Height (cm) 
21.6 士 3.3 
120.1 士 4.2 





0.354 士 0.039 
0.797 士 0.076 
0.444 士 0.037 
0.359 士 0.043 
0.794 士 0.077 
0.451 士 0.031 
Physical activity (h)卞 士 2.71 土 
No significant difference between the study and control groups with 
respect to baseline variables (P >0.05, 2-tailed student"s t-test). 
For the study group, n=54; control group, n=51 (for subjects who 
completed a 3-d record of physical activity). 
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Table 3.3. Comparison of baseline characteristics (Mean 士 SD) of boys and girls 









2 7 5 士 101 
52.2 士 13.6 
7 0 0 8 士 1402 
1675 土 335 
278 士 104 
56.5 士 14.3 
6 5 8 6 士 1138 






21.74 士 3.61 
120.0 士 4.39 









Physical activity (h)卞 
0.364 士 0.041 
0.816 士 0.076 
0.445 土 0.034 
2.96 士 1.0 
0.348 士 0.039 
0.772 士 0.070 
0.451 土 0.034 





Comparing group means by 2-tailed student"s t-test. Significance level (P<0.05) 
For the study group, n=56; control group, n=49 (for subjects who 
completed a 3-d record of physical activity). 
107 
Mean 士 SD percentage gains in bone measures, weight and height of the 
study and control groups after 18 months of the calcium trial in Jiangmen 
Study Group 
(N = 79) 
Control Group 
(N == 83) 
P* 
BMC 16.51 士 8.75 
BW (%) 6.54 士 5.76 
BMC/BW (%) 9.45 士 4.46 
13.97 士 7.96 
7.19 士 6.61 




17.2 士 7.01 
7.2 士 1.1 
17.4 士 9.2 
7.2 士 1.1 
0.77 
：Comparing group differences by Mann-Whitney U 
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Table 3.5. Mean 士 SD percentage gains in 
study and control groups by sex 
Jiangmen 
measures, weight and height of the 









16.65 士 9.12 
7.09 士 5.78 
9.23 士 6.78 
12.20 士 
5.84 士 ‘ 






6.9 士 < 
19.0 士 












16.35 土 8.45 
土 5.76 
.69 士 6.18 
.8 士 9.0 
7.5 土 1.2 
15.97 士 9.42 
8.70 士 5.26 
6.64 士 7.74 
15.4 士 11.2 




Comparing group dif by Mann-Whitney U test. 
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Table 3.6. Comparisons of baseline characteristics (mean 士 SD) between the study 
and control groups of the 84 successful participants of the 18-month 









5 7 1 士 3 2 6 
73.2 士 19.0 
6 7 1 1 士 1648 
1604 士 3 9 4 
563 士 337 
78.3 士 24.8 
7 1 8 8 士 185! 
1718 士 444 
Weight (kg) 
Height (cm) 
22.0 士 ‘ 
120.3 士 
21.4 士 3.3 
119.4 士 4.3 




0.375 士 0.056 
0.818 士 0.081 


















Physical activity (h)卞 
1.19 士 0.27 
2.20 士 0.43 
0.543 士 0.063 
2.7 士 0.9 
1.22 士 0.21 
2.24 土 0.31 
0.544 士 0.055 
2.9 土 0.9 
mineral density; FNBMC, femoral neck bone mineral content; FNA, femoral neck projected are 
femoral neck bone mineral density. 
* No significant difference between the study and control groups with respect to the baseline variables 
(P>0.05), using 2-tailed student"s t-test.卞 For the study group, n=40; control group, n=34 (for 
subjects who completed a 3-d record of physical activity). 
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Comparisons of baseline characteristics (mean 士 SD) between boys and 











Distal 1/3 radius 
6 4 5 士 
79.2 土 






22.6 士 4.5 
120.4 士 4.7 
4 6 6 士 2 3 9 
71.1 士 20.6 
6247 士 166] 
1493 士 397 


















11.87 士 1.56 
27.26 士 2.85 



















Physical activity (h)卞 
•28 士 0.23 
士 0.31 
0.549 士 0.061 
2.32 
2.7 士 0.9 
1.12 士 0.23 
2.09 士 0.41 
0.536 士 0.057 





，bone mineral content; BW, bone width; BMC/BW, 
lumbar spinal bone mineral content; LSA, lumbar spinal projected i 
spinal bone mineral density; FNBMC, femoral neck bone mineral content; FNA, 
neck projected area; FNBMD, femoral neck bone mineral density. 
* Comparisons of group means by using 2-tailed studenfs t-test. 
NS denotes insignificant difference (P > 0.05) 
卞 For the study group, n=44; control group, n=30 (for subjects who 
completed a 3-d record of physical activity). 
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士 SD percentage gains in bone measures, weight and height of the 
study and control groups of the 84 successful participants after 
the 18-month trial in Hong Kong* 
Study Group 
(N = 44) 
Control Group 
(N = 40) 
Distal 1/3 radius 
BMC (%) 
BMC/BW (%) 
15.92 士 7.24 
7.74 士 5.06 
7.59 士 5.54 
14.95 士 6.09 
6.00 士 4.98 








20.95 士 7.45 
11.16 士 4.8 
8.82 ±5.14 
16.34 士 7.34 
8.71 土 5.0 






24.19 士 36.1 
14.21 士 34.3 
9.03 士 5.43 
23.42 士 21.3 
12.57 土 18.4 






25.6 士 7.9 
8.4 士 1.1 
，bone mineral content; BW, bone width; BMC/BW 
lumbar spinal bone mineral content; LSA, lumbar spinal pi 
spinal bone mineral density; FNBMC, femoral neck bone i 
neck projected area; FNBMD, femoral neck bone mineral 
Comparisons of group i } by using Mann-Whitney U 1 
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Predicting variables included in a single multiple 
predict net increase in LSBMC over the 18-month period of the 











0 . 1 1 
Abbreviations: LSBMC, lumbar spinal bone mineral content; LSA, lumbar spinal 
projected area 
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Table 3.10. Comparisons of baseline characteristics (Mean 士 SD) of Hong Kong and 









0.378 土 0.05 
0.823 土 0.079 
0.460 士 0.042 
0.356 士 0.041 0.001 
0.795 士 0.076 0.007 
0.448 士 0.034 0.027 
Weight (kg) 
Height (cm) 
21.7 士 4.2 
119.9 士 4.8 
21.7 士 3.8 
119.9 士 4.8 
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Figure 3.1. Comparison of percentage increases in bone mineral content (BMC), areal 
bone mineral density (BMD), and height between the study and control group 
throughout the 18-month txidl 
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CHAPTER 4 TRUE FRACTIONAL CALCIUM ABSORPTION OF 
CHINESE CHILDREN AND THE EFFECTS OF DOUBLE-
BLIND CONTROLLED CALCIUM SUPPLEMENTATION 
ON CALCIUM ABSORPTION IN CHILDREN 
MEASURED WITH STABLE ISOTOPES C^ Ca and ^Ca) 
4.1 Chapter summary 
Chapter 4 is divided in two parts, Part I reports true fractional calcium absorption 
(TFCA) of Chinese children. TFCA was compared in children on self-selected diets 
using a double-label stable isotope technique. Chinese children aged 7-year from 
Hong Kong (n=22) and Jiangmen (n=12) participated in the study. An oral 
administration of 8 mg ^Ca in lOOg chocolate milk was given shortly after an 
intravenous injection of 0.75 mg ^^Ca. Calcium isotopic ratios were determined in 
urine samples collected 24-hour later using thermal ionization mass spectrometry. 
There was no significant difference in TFCA between Jiangmen and Hong Kong 
children (P=0.16). TFCA of a lower calcium intake group (Ca <500 mg/d, n=19) 
with mean 士 SD calcium intake 359mg/d was 63.1 士 10.7 % and that of a higher 
calcium intake group (Ca >500 mg/d, n=15) with mean calcium intake 862 mg/d 
was 54.8 士 7.3 %，the difference in TFCA was significant (P二0.016). Serum level 
of 25-hydroxyvitamin D3 of the children was adequate (33.7 士 7.7 ng/ml). This study 
indicates that growing children accustomed to a low calcium diet were able to enhance 
absorption. If dietary calcium absorption by Chinese children resembles their TFCA 
from a single meal of chocolate milk, then the calcium RDA for Chinese children 
would be lower than the U.S. RDA (800 mg/d), which is based on an estimated 40% 
calcium absorption as reported for Caucasian children. A comparative absorption 
study is warranted to determine if there is any difference in TFCA between Caucasian 
and Chinese children. 
Part II of Chapter 4 describes a double-blind controlled calcium supplementation trial 
conducted for 6 months in thirty-four 7-year old Chinese children from Hong Kong 
and Jiangmen. The children were randomly allocated to the study group (n=17) or 
control group (n=17), a calcium carbonate tablet (300 mg calcium) or a placebo 
tablet was taken daily. TFCA was evaluated before and after the trial using the same 
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technique of stable isotopes. There was no significant difference in baseline TFCA 
between the study group (60.6 士 11.4 %) and the controls (58.2 士 9.0 %) 
(P=0.55). Serum 25-hydroxyvitamin-D3 levels were comparable between the two 
groups (P=0.71). After 6 months, TFCA of the study group (55.6 士 12.7 %) was 
significantly lower than the controls (64.3 士 10.7 %) (P=0.015). By comparing the 
individual changes in TFCA after the trial between the two groups, there was a non-
significant reduction in TFCA (5.03 士 12.4 %，P=0.11, Wilcoxon-signed-rank-test) 
in the study group (60.6% to 55.6%), whereas a significant increase in TFCA (6.17 
± 7.7 %，P=0.004，Wilcoxon-signed-rank-test) was observed in the controls (58.2% 
to 64.3%). The differential in TFCA between the two groups after 6 months was 
significantly different (P=0.001), and the significance remained after adjusting for 
baseline dietary intakes, weight and height by multiple regression analysis (P=0.003). 
If the mechanism of TFCA from chocolate milk in response to the treatment effects 
is similar to that from the total diet, then the results from the study suggest that 
children with adequate vitamin D status can adapt to a change in calcium intake by 
adjusting the efficiency of TFCA. In corollary, children on habitually low calcium 
diets have a higher TFCA than the counterparts with higher calcium diets. 
It is suggested to undertake a further absorption study in Caucasian children using the 
same protocol to compare if there is any difference in TFCA between Caucasian and 
Chinese children. In addition, it is worthwhile to assess calcium absorption in Chinese 
children living in other regions China or abroad in order to determine if the variations 
in calcium absorption are due to environment factors. 
4.2 Chapter introduction 
In this chapter, true fractional calcium absorption (TFCA) was determined twice by 
the technique of stable isotope C^Ca and 义a ) in 34 study children who had been 
randomly selected from the two controlled calcium trials in both Jiangmen and Hong 
Kong (Chapter 3). A baseline TFCA test was determined and the percentage of 
TFCA was compared between the habitually higher and lower calcium intake groups. 
Results of the baseline TFCA test are presented in Part I of this Chapter. Calcium 
supplement or placebo tablet was given to the study children after the baseline TFCA 
test for 6 months. A second TFCA test was repeated 6 months later to determine 
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whether growing children were able to adapt to a change in calcium intake by 
adjusting the efficiency of intestinal calcium absorption. Results on the effect of 
controlled calcium supplementation on the rate of change of TFCA are presented in 
Part n of the Chapter. 
PARTI 
4.3 True fractional calcium absorption in Chinese children 
stable isotopes (^ C^a and ^Ca) 
4.3.1 Introduction 
During childhood, an adequate calcium intake is essential for bone development and 
mineralization (Johnston et al. 1992; Lee et al. 1993a, 1993b). As mentioned in 
Chapter 2，section 2.3, calcium intakes vary from nation to nation in the world 
(FAOAVHO, 1962; Nordin & Marshall, 1988). In Southern China, a majority of 
Chinese children ceased to use milk after one year of age. Calcium intakes of Chinese 
children have been repeatedly reported to be around 300 mg/d (Ho, 1988; Chen, 
1986; Lee et al. 1993b). On the other hand, the eating habits of Chinese children in 
Hong Kong are more westernized, a majority of Hong Kong children continue to 
consume milk and milk products through at least 5 years of age resulting in an 
average calcium intake of about 600 mg/d (Lee et al., 1993a). However, there are 
also some Hong Kong children who gradually reduce the amount of milk consumed 
years such that by 5 years of age their calcium intake is about 300 
.1993a & 1993b). Whether children accustomed to these levels of 
intake are able to absorb adequate calcium to achieve a calcium balance appropriate 
for bone mineralization is not known (Matkovic et al., 1990). In fact, studies on the 
efficiency of calcium absorption in growing children are scanty. Early balance studies 
in India and Sri Lanka showed that children could adapt successfully to habitual 
• calcium intake as low as 300 mg/d (Nicholls & Nimalasuriya, 1939; Begum & 
Pereira, 1969), and the rate of calcium absorption was approximately 50% in rural 
Indian children subsisting on a diet as low as 200 mg/d. There have been no data on 
calcium absorption of Chinese children who consumed self-selected diets, and whether 
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Chinese children can adapt to low calcium intakes by adjusting the efficiency of 
absorption is not known. 
It has been reviewed in Chapter 2, section 2.7.2 that though TFCA in humans can 
be determined using calcium radioisotopes (DeGrazia et al. 1965; Roth & Werner 
1985), the inherent potential hazards of ionizing radiation limit its use in infants and 
children. Until recently, with the development of the technique of stable isotope, a 
safe and accurate method of measuring TFCA in infants and children has been made 
possible. The use of stable calcium isotopes has been found a straight-forward and a 
safe alternative to obtain TFCA data in infants and children under normal and 
pathological conditions (Yergey et al. 1987; Miller et al. 1988; Hillman et al. 1988). 
4.3.2 Objectives 
Part I of the calcium absorption study aimed to test the hypotheses that children can 
compensate for lower calcium diets by enhancing true fractional calcium absorption 
(TFCA), and that there is a negative relation between habitual calcium intake and 
absorption in children. This study would be the first report on TFCA of 7-year old 
Chinese children on self-selected diets using a double-label stable isotope technique. 
4.3.3 Subjects, Materials and Methods 
Owing to the cost of stable isotopes ( » HK$2，500 per head), only a small sample of 
children undertook the absorption tests. 22 Hong Kong children (12 boys & 10 girls) 
and 12 Jiangmen children (6 boys & 6 girls) were randomly selected from the two 
main calcium trials as mentioned in Chapter 3，section 3.4.3. The age of the study 
children was 7 years. A calcium absorption test was carried out before the calcium 
supplementation trial. In other Wbrd, these 22 children concurrently participated in 
the absorption study and the calcium supplementation trials as described in Chapter 
3. Both Hong Kong and Jiangmen are close cities, and are geographically located in 
Guangdong Province of southern China. Children from both cities are ethnic 
Cantonese. Therefore, there was no ethnic difference in calcium metabolism among 
the study children. In Hong Kong there is a wide range of calcium intake in children 
depending on whether or not milk is included in the diet (Lee et al. 1993a). Accurate 
121 
dietary intake records of these 22 Hong Kong children since infancy have been 
recorded. On the other hand, children from Jiangmen seldom consume milk after one 
year of age; average calcium intake of 5 years old Jiangmen children was found to 
be below 300 mg/d (Lee et al 1993b). Therefore, the habits of milk intake among 
children in Jiangmen are similar to other parts of Southern China (Ho, 1988). 
Consequently, ethnically similar Chinese Children from Hong Kong and Jiangmen 
consuming distinctly different levels of calcium intake since infancy were appropriate 
individuals to compare the effect of habitual calcium intakes on the efficiency of 
calcium absorption. 
Weight and height measurement 
Weights of children without wearing clothes from Hong Kong and Jiangmen were 
measured using a Seca electronic scale (Seca: Model 707，Vogel & Halke GmbH & 
Co., Hamburg, Germany), and a beam balance (Lichepai, Model:TGT-100， 
Guangdong, China) respectively. Standing height of the study children was measured 
without wearing shoes by a stadiometer (Technical Services Unit, The Chinese 
University of Hong Kong). Measurements of weight and height were corrected to 0.1 
kg and 0.1 cm respectively. 
Dietary assessment 
Habitual dietary intakes of all the children were assessed before the calcium 
absorption test. Food intake of the Hong Kong group was assessed by the author 
using the method of dietary history, and cross checked with a quantitative food 
frequency questionnaire and a 24-hour recall (Appendix 3) (Burke 1947, Jain, 1989, 
Marr 1971，Bingham, 1987). Details of the procedures have been described in 
Chapter 3. Dietary assessment of Jiangmen children was conducted by a quantitative 
food frequency questionnaire (Appendix 5) (Lee et al. 1993a) which was similar to 
the one used for the Hong Kong cohort for cross-checking dietary information. The 
food frequency questionnaire used in Jiangmen consists of food and beverage items 
commonly consumed by local Chinese. Non-milk foods such as dark green leafy 
vegetables, cereals, fish and shell fish, beans and nuts, etc. which had been identified 
as significant sources of calcium among Chinese children (Lee et al. 1993a) are also 
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listed in the questionnaire in addition to milk and milk products (see Appendix 5). 
The food and beverage in the questionnaire are expressed in common serving size or 
natural units. Standard household measures like Chinese rice bowls, spoons and 
Chinese soup spoons, glasses and teacups were used to facilitate portion size 
description. In Jiangmen, the parent self-administered the questionnaire which was 
subsequently gone through by a nutritionist. The parent was requested to estimate the 
frequency of choosing the food items in the questionnaire either per day, per week, 
or per month. 
Nutrient intake was estimated using a computerized food data base with food items 
compiled from appropriate sources (Church & Church，1975; Institute of Nutrition 
& Food Hygiene, 1991; Paul & Southgate，1978; Tung et al. 1961; U.S. Department 
of Health, Education & Welfare，1972; Watt & Merrill，1983), food manufacturers 
and food chemists. 
Preparation and administration of stable isotopes 
The doses of oral 拟Ca and i.v. "^ C^a required for administration to children were 
estimated according to Yergey et al (1987) (0.2-0.5 mg ^Ca/kg body weight and 
0.02-0.1 mg 42Ca/kg body weight). Two enriched calcium isotopes: ^^Ca (83.20 atom 
%) and 拟Ca (96.40 atom %) in the form of calcium carbonate (Technical and Optical 
Equipment, Tottenham, London, U.K.) were used as previously described 
(Fairweather-Tait et al. 1989). The ^Ca solution was prepared by dissolving the 
calcium carbonate in concentrated hydrochloric acid (Aristar grade) (2.5 g CaCOs in 
5 ml HCl)，adjusting the pH to 4.0 with IM sodium hydroxide (Aristar grade) and 
making up the solution with deionised-distilled water to a final volume of 316 ml. 
Each dose of approximately 4.3 ml 抖Ca was dispensed into a polyethylene tube, 
sealed and stored at -20。C. The "^ C^a solution for injection was prepared in the 
similar manner but the final pH was adjusted to 6.0 for intravenous injection. Each 
2-ml dose was sealed in a glass ampoule and autoclaved. Samples underwent routine 
sterility testing in the Pharmacy of Prince of Wales Hospital, Hong Kong. The final 
concentrations of the oral dose of “Ca solution and i.v. dose of "^ C^a solution were 
1.83 mg/ml and 0.359 mg/ml respectively. The exact quantities of isotopes given to 
each subject were precisely weighed with an electronic scale accurate to O.OOlmg. 
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Following an overnight fast. "^ C^a was administered slowly into the antecubital vein 
of each subject and then flushed with 5 ml normal saline.糾Ca was mixed in 100 g 
chocolate milk when the child was being given the injection. The calcium 
concentration of the test meal (100 g chocolate milk) was 120 mg/100 g as 
determined by atomic absorption spectrometry (Nordin 1976). The ^Ca enriched 
chocolate milk was taken by the subject immediately after the injection. The child was 
not allowed to eat for two hours after the test. A standard breakfast consisting of one 
75 g sponge cake and a pack of fruit juice (250 ml) was given two hours later 
Appendix 6 shows the instructions and a record form for the absorption test. A 
500ml urine sample was collected starting exactly 24 hours after the test to determine 
the ratios of isotopes present in the urine. The urine was collected in an acid-washed 
bottle until the volume of urine reached the 500ml-mark. The 500ml urine sample 
was placed in an acid-washed beaker and evaporated to approximately 30 ml in 
volume and then heated slowly to dryness in a polyethylene tube at 80 The 
dehydrated urine sample was stored at -20°C before transporting to Norwich for mass 
spectrometric analysis. 
Separation and Purification of urine samples 
(a) Microwave Digestion 
A preliminary treatment of the urine by digesting the urine sample upon heat with 
mineral acids, e.g. nitric acid or hydrochloric acid to destroy the organic matrix 
before purification of the mineral is required. This can be done either in a pressurized 
bomb (Uhrberg 1982) or in an open tube (Schramel et al. 1980). However, both 
methods are very time consuming and costly. With the recent introduction of 
microwave ovens the digestion time has reduced to 10 to 30 minutes (Demura et al. 
1985). 
The dehydrated urine sample was reconstituted with 15 ml quartz distilled water and 
then digested by concentrated nitric acid (1.5 ml urine to 5 ml HNO3, Aristar grade) 
in a pressurized teflon vessel using a microwave oven (CEM Model MD5-2000 
Microwave Sample Preparation System, CEM Corporation, Matthews, N.C., USA.) 
to release bound calcium in the organic matrix of urine. Prior to microwave 
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digestion, the mixture of each urine sample and concentrated nitric acid was kept in 
the digestion teflon vessel overnight (to release gases produced upon breaking down 
of organic constituents). Twelve vessels of urine samples were loaded into the 
microwave oven at a time. The process of digestion was enhanced by heating the 
sample in the vessel under controlled pressure. In the initial 30 minutes, the urine 
sample was heated at 80-90 % of power to bring up the pressure to 70 psi. then the 
pressure of the vessel was gradually increased to 85 psi and maintained at this level 
under 100 % full power for one hour. 
(b) Anion-exchange columns 
Generation of a stable ionic beam from the calcium sample is of paramount 
importance for an accurate and precise determination of isotopic ratios of calcium by 
thermal ionisation mass spectrometry (Mueller & Walker 1987; Tackett & Ellefson 
1987). From a rapid check of the impurities present in the samples using the Fast 
Atom Bombardment Mass Spectrometer (FABMS) MS902 (Kratos Analytical 
Instruments, Manchester, England.), we found that the most troublesome impurity 
interfering with the stability of the calcium signal was 
恥K. In order to separate and purify the calcium from the digested urine two separate 
sets of anion exchange resin columns were used to eliminate inorganic contaminants, 
especially 奶K. The ion-exchange resin used was Dowex 50W-hydrogen, 8% cross-
linking, 100-200 dry mesh resin (Aldrich Chemical Co., Dorset, England.). The first 
set of columns was washed with 60 ml 2M Aristar nitric acid, followed by 30 ml of 
0.2M nitric acid. 
The digested urine samples in duplicates were evaporated to dryness, the residue 
redissolved in 0.2M nitric acid and then applied to the columns which were 
subsequently washed with 30 ml 0.2M nitric acid before eluting the samples with 12-
15 ml 2M nitric acid. The resin in the second set of columns was washed with 30 ml 
5.5M of Aristar hydrochloric acid, followed by 30 ml quartz distilled water. The 
eluates from the previous set of columns were evaporated to dryness, the residue -， ， 
redissolved in 15 ml 0.04M hydrochloric acid, followed by ultrasonication before 
into the second set of columns. The columns loaded with calcium samples 
:flushed with quartz distilled water; subsequently, the purified calcium samples 
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were eluted in 1-ml fractions and collected in microtubes by using approximately 25 
ml 1.8M hydrochloric acid. The appearance of maximum concentration of calcium 
was found in the 10th to 12th fractions as determined by FABMS. Therefore, the 
calcium fractions were collected after discarding the first 10 ml of eluate. The 
samples were then evaporated to dryness under a 1 kW lamp in a laminar flow 
cabinet in the clean room overnight before mass spectrometric analysis. 
Thermal ionization mass spectrometry (TIMS) 
The isotopic ratios of the enriched urine samples were determined by TIMS (THQ; 
Finnegan-Mat GmbH, Bremen, Germany). Each dried sample was dissolved in 50ul 
0.04M HCl. A standard solution (CaCl】) was made by replacing the nitrate ions of 
a calcium standard solution (Ca(N03)2, SpectroSol, BDH, Poole, Dorset, England) 
with chloride ions using hydrochloric acid, Aristar grade. 
The thermal ionisation process inside the TIMS was facilitated by a double filament 
technique (i.e. using a pair of evaporation filament and ionisation filament) (Moore, 
1984; Heumann, 1988). Before the sample and the standard were placed inside the 
mass spectrometer, clean filaments (both evaporation and ionisation) made of rhenium 
metal were conditioned in vacuum and under an electric potential field for 30 minutes 
at approximately 2,000。。before loading with the samples. Only the evaporation 
filaments (but not the ionisation ones) were used to load the samples or the standard. 
5 uL of each sample and a calcium standard were adsorbed onto a separate 
evaporation filament. The evaporation filaments and the samples were passed by a 1 
ampere current for 3 minutes, The current was automatically raised to 1.5 ampere at 
a rate of 0.05 ampere per minute, and was then turned off. Then manually increases 
the current to about 2 ampere to glow the filaments and the samples to dull red, the 
residues of the sample and the standard were fastened onto the surface of the 
filament. The filaments loaded with samples and standard were fixed to the filament 
holders and inserted in a sample magazine. 
After the magazine was inserted into the mass spectrometer, and when the pressure 
the quadrupole reached 3 x lO.jPa, computerised analysis of the samples begins. 
Calcium masses of 40，41’ 42 and 44 of a stable ion beam generated from each 
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sample were sequentially scanned and monitored. The element interferences from 4ok 
and 41k were corrected by subtracting the ratios from the pooled isotopic ratios. Each 
sample was scanned 10 times to obtain a mean and a relative standard deviation (one 
block of data), The final results of the ratios of^^Ca/^Ca and were obtained 
by determining the mean of 5 blocks of data (50 scans). The relative standard 
deviation (RSD; i.e. SD/mean x 100) of calcium ratio determination in this study was 
0.1% to 0.3 %. 
Calculation ofTFCA 
The calculation of % TFCA was based on the assumption that both i.v. and orally 
given calcium isotopes were metabolised at the same rate once the state of equilibrium 
was achieved. The % absorption from the oral dose was determined according to the 
following equation (Yergey et al. 1987): 
(na “Ca、(42Ca i.v.) x A %XS ^Ca x 100 
% TFCA = (na ^^CaX^Ca oral) x A %XS ''Ca 
where na is the natural abundance of the two 
to the exact dose administered (mg), and A 
abundance ratio)/natural abundance ratio] x 100， 
ratio differs from the natural ratio. 
；(atom %), i.v and oral refer 
[(measured ratio - natural 
，the degree to which a particular 
The exact derivation of the equation is explained in details in Chapter 2， 
2.7.2. The natural abundance (%) of 抖Ca and ^'Ca are 2.083% and 
respectively according to the international standard values (De Bievre, 1985) 
Determination of Serum 25-hvdroxvvitamin D. 
Serum concentration of 25-hydroxyvitamin D3 (25-OHD) of 20 randomly selected 
children was analysed by radio-immunoassay (RIA) using a commercial kit 
(INCSTAR 25-OH-D RIA Kit, Incstar Corp. Stillwater, MN, USA). The preparation 
and the assay procedures were described in Chapter 3，section 3.4.3 and Appendix 
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Ethical Considerations 
The protocol of the calcium absorption tests using stable isotopes and the controlled 
calcium supplementation trial was approved by the Ethics Committees of The Faculty 
of Medicine, The Chinese University of Hong Kong, and the U.K. Institute of Food 
Research. Informed consent was obtained from all the parents. Appendix 4B shows 
a sample of the consent form. 
Statistical Method 
Descriptive statistics (mean 士 SD) were determined for all variables. Test for 
normality of data distribution of each variable was carried out to determine whether 
or not a parametric or a non-parametric test would be appropriate for the comparison 
of mean values. The non-parametric Mann-Whitney U test was used to compare 
group mean differences between various calcium intake groups owing to the small 
sample size and some observed skewness in the data. The non-parametric Kruskal-
Wallis test was used to test the overall mean differences in baseline dietary intake and 
body size among 3 groups of children with different calcium intakes. 2-sided 
significance level was set at P <0.05 for test statistics . Statistical analysis was 
performed by SPSS/PC, Version 4.0, SPSS Inc., Chicago, IL, USA. The power of 
the statistics was tested by Power, Version 3.0, 1985 (Lava University, Ste.，Foy., 
Quebec, Canada). 
4.3.4 
Table 4.1 shows the comparisons of dietary intake and body size of the two sub-
groups of Hong Kong and Jiangmen children at 7 years of age. The mean 士 SD 
calcium intake of Hong Kong children was 693 士 410 mg/d with a wide range of 
variation (185 - 1641 mg/d) because the subjects included children who consumed 
milk regularly (n=14) and those who did not drink milk (n=8). In contrast, the mean 
calcium intake of Jiangmen children was 381 士 103mg/d with a narrow range of 172 
-552 mg/d. There was only one girl with calcium intake slightly above 500 mg/d 
(525 mg/d). Food habits of the Jiangmen group were characterised by low intake of 
milk and milk products, and dark green leafy vegetables were the principal source of 
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dietary calcium. In fact, the low-milk drinking Hong Kong children had a low 
calcium intake (Ca: 359 士 94mg/d; n=8) comparable to the counterparts in Jiangmen 
(Ca: 366 士 92mg/d; n=12) (P=0.93). Children from Hong Kong consumed 
animal products and snack foods than Jiangmen children, eg. chicken wings, 
and sugary drinks, etc. Therefore, dietary intakes of energy (P< 0.0001)，phosphorus 
(P=0.0017) and protein (P=00049) of Hong Kong children were significantly higher 
than those of Jiangmen children. Although calcium intake of Hong Kong children was 
higher than that of Jiangmen children (P=0.0062), calcium intake corrected for 
energy intake (calcium/energy: mg/MJ) was not different between the 2 groups 
(P=0.83). There were no significant differences in weight (P=0.75) and height 
(P=0.87) between the Hong Kong group and Jiangmen group (Table 4.1). 
TFCA and calcium intake 
The mean 士 SD TFCA of 12 Jiangmen children and 22 Hong Kong children were 
63.1 士 11.4 % and 57.4 士 9.1 % respectively. However, the mean difference in 
TFCA between Jiangmen and Hong Kong children was not statistically significant 
(P=0.16). If the observed mean (SD) TFCA of the Jiangmen group and Hong Kong 
group reflect the population means, the observed statistical power was only 0.45 (with 
Type I error rate (a) = 0.05, 2-sided). Therefore, it is possible that the mean TFCA 
of Jiangmen children may be significantly higher than that of Hong Kong children if 
the sample size increases. 
All the study children from both Hong Kong and Jiangmen are ethnic Cantonese from 
Southern China and they were of the same age. Although the two dietary assessment 
methods were slightly different, a similar quantitative food frequency questionnaire 
with a list of milk and non-milk food items identified as the substantial sources of 
calcium among Chinese children was used to estimate calcium intake among all the 
study children. Both dietary assessment methods together revealed that the levels of 
calcium intake between low-milk drinking Jiangmen and Hong Kong children were 
not statistically different (P=0.93). Thus, the slight difference in the dietary 
assessment methodology did not appear to substantially affect the estimation of 
calcium intake. As a result, the study children from both Hong Kong and Jiangmen 
may be grouped together in order to compare their TFCA with respect to their 
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habitual calcium intakes. Calcium intake at 500 mg/d recommended by FAOAVHO 
(1962) was used as a cut-off point to allocate children into Group A or B. Table 4.2 
shows the grouping of children according to the country of origin and the level of 
calcium intake. Group A consisted of 19 children (9 boys and 10 girls) with habitual 
calcium intake <500 mg/d, whereas Group B consisted of 15 children (9 boys, 6 
girls) with habitual calcium intake >500 mg/d. Mean dietary intake, body size and 
TFCA of Group A and B are given in Table 4.3. Nutrient intake of regular milk 
drinking children (Group B) was significantly higher than the low milk drinking 
children (Group A) (Table 4.3). The differences in nutrient intake between Group A 
and B may be due to the fact that a majority of children in Group B comprising Hong 
Kong children who consumed more foods rich in energy, protein and phosphorus. In 
addition, a higher consumption of milk in Group B might also contribute to the 
difference in dietary intake. Figure 4.1 shows the distribution of TFCA of the study 
children in Group A and B. The mean TFCA of Group A with calcium intake <500 
mg/d was 63.1 士 10.7% which was significantly higher than Group B with calcium 
intake >500 mg/d (54.8 士 7.3%) (P=0.016) (Table 4.3). 
All the study children from the two groups (A and B) were further re-allocated to 
Group C to E with respect to their places of origin and the level of calcium intake 
(Table 4.2). 8 Hong Kong children with calcium intake <500 mg/d were re-allocated 
into Group C. 11 Jiangmen children with calcium intake <500 mg/d were re-
allocated into Group D. 14 Hong Kong children with calcium intake >500 mg/d 
were re-allocated into Group E. One child from Jiangmen with calcium intake >500 
mg/d was excluded in the analysis because of an inadequate sample size. The mean 
calcium intakes of Group C，D and E were 359 士 94 mg/d, 366 士 92 mg/d and 884 
士 399 mg/d respectively. The overall differences in dietary intake, weight and height 
of children in Group C, D and E were tested by the Kruskal-Wallis test (Table 4.4). 
There were significant differences in nutrient intake among the three groups but not 
found in body weight (P=0.32) and height (P=0.88) (see Table 4.4). Table 4.5 
compares the differences in TFCA among Group C，D and E by using the Mann-
Whitney U test. TFCA of Group C and Group E were 62.1 士 9.95% and 54.7 士 
7.6% respectively, there was no significant difference in TFCA between Group C and 
E (P=0.076). If the observed mean 士 SD TFCA of Group C and Group E reflect 
the population means, the observed statistical power was only 0.5 (with Type I error 
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rate (a) = 0.05, 2-sided). Therefore, it is possible that the mean TFCA of Group D 
may be significantly higher than that of Group E if the number of subjects increases. 
TFCA of Group D (63.73 士 11.7%) was significantly higher than Group E (54.7 士 
7.6%) (P=0.033). There was no significant difference in TFCA and mean calcium 
intake between Group C and D (both gave P values = 0.93), which supports the 
previous attempt in combining ethnically similar study children with same age and 
comparable low calcium intake for TFCA comparison. 
Although TFCA in the low calcium intake children was found to be significantly 
higher than the high calcium intake children, there was no significant negative 
association between TFCA and calcium intake (r=-0.28, P=0.11, n=34). The 
insignificant association might be explained by the fact that calcium intake may not 
be linearly associated with TFCA (Heaney et al. 1975; Eastell et al. 1989)，or it may 
I a small sample size. On the other hand, there was a borderline significant 
iociation between TFCA and current protein intake (r=-0.33, P=0.056) 
which might be due to the fact that protein intake was highly correlated with calcium 
intake in these children (r=0.68, P<0.0001). Otherwise, TFCA was not associated 
with any dietary variables of carbohydrate (P=0.35), fat (P=0.29), phosphorus 
(P=0.067), body weight (P=0.65) and height (P=0.99). In addition, there was a 
large inter-subject variation in calcium absorption in both the low and high calcium 
intake groups ( F i g . 4 . 1 ) . 
Serum concentration of 25-hvdroxwitamin D. (25-OHD) 
Mean 士 SD serum 25-OHD level in 20 Hong Kong study children was 33.7 士 7.7 
ng/ml (range: 19.0 - 48.4 ng/ml). The serum 25-OHD levels of children with calcium 
intakes less than and greater than 500 mg/d were (32.9 ± 7.0 ng/ml，n=7) and (34.1 
士 7.9 ng/ml, n=13) respectively. There was no significant difference in serum 25-
OHD level between the lower and higher calcium intake groups (P=0.66). There was 
also no correlation between the serum 25-OHD level and baseline TFCA (r=-0.29, 
P=0.21). Using serum 25-OHD xlevel at 10 ng/ml as a diagnostic index of vitamin 
D deficiency (Grindulis et al. 1986)，the vitamin D nutritional status of the Hong 
Kong study children was within the normal range. 
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4.3.5 Discussions and Conclusion 
This is the first calcium absorption study using the technique of doubly-labelled stable 
isotopes coupled with thermal ionization mass spectrometry to measure TFCA among 
Chinese children who had a wide range of calcium intakes. The results of the study 
conclude that growing Chinese children accustomed to a habitually low calcium diet 
but having a normal vitamin D status were able to adapt to enhance the efficiency of 
calcium absorption. The study children with a mean calcium intake of about 360mg/d 
had a significantly higher TFCA (63%) than that of children with mean calcium 
intake 860 mg/d (TFCA 55%). The results also indicate that the study children with 
low calcium intakes were able to adapt to the habitual diets with calcium intake below 
the RDAs suggested for most developed countries (National Research Council, 1989; 
Department of Health, 1991; German Society of Nutrition, 1991). Physiologically, 
it is vitally important that growing Chinese children accustomed to a non-milk diet 
were able to enhance the efficiency of calcium absorptive mechanism in order to 
compensate for the low calcium intake. The mean TFCA of the study Chinese 
children was above 50%. Further studies are warranted to compare if there is any 
difference in calcium absorption between Caucasian and Chinese children. And to 
carry out a double-blind calcium supplementation trial to determine whether lower 
calcium intake children can alter the rate of calcium absorption. 
PART II 
4.4 Effects of double-blind controlled calcium supplementation 
absorption in Chinese children measured with stable isotopes C^Csl and 
4.4.1 
In the literature, there has been no controlled trial of calcium supplementation in 
children to determine the effect on TFCA. Part I of Chapter 4 is the first report on 
TFCA for Chinese children using the stable isotope technique. The study children 
were habituated to self-selected diets with calcium intakes between 172mg/d to 
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1641mg/d. TFCA of the lower calcium intake children was found significantly higher 
than that of the higher calcium intake counterparts (63% vs 55%, P=0.016). Part n 
of this Chapter documents the results of a repeated absorption test using the same 
technique on the same subjects. Calcium absorption test was repeated 6 months after 
the start of the 18-month randomised double-blind controlled calcium supplementation 
in order to determine the efficiency of intestinal calcium absorption of the study 
children in response to a change in calcium intake. The results of calcium absorption 
L Part I of this chapter served as baseline data. 
4.4.2 
The objective of the present calcium absorption test in relation to calcium 
supplementation was to investigate prospectively whether growing children are able 
to adapt to a change in calcium intake by regulating the efficiency of intestinal 
calcium absorption. 
4.4.3 Subjects, Materials and Methods 
The same 34 seven-year old Chinese children (18 boys, 16 girls), who had 
participated in first absorption test in Part I of the Chapter, undertook a 6-month 
calcium supplementation trial 22 of them were from Hong Kong (12 boys, 10 girls). 
12 children (6 boys, 6 girls) were from Jiangmen. The 6-month controlled trial in this 
Chapter fell into the first 6 months period of the two 18-month calcium 
supplementation trials reported in Chapter 3. These 34 children were randomly 
allocated to receive either calcium supplement (n=17) or placebo (n=17). The types 
of calcium supplement and placebo tablets and the methods of administration have 
been described in details in Chapter 3，sections 3.3.3 and 3.4.3. Throughout the 
trial period, all the study children, teachers, parents and the field workers were blind 
to the design of the controlled trial. Compliance was checked by counting the number 
of tablets taken by each subject after the trial. 
Weight and height measurements 
Weight and height measurement were evaluated twice at the beginning and 6 months 
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later. Standing height was measured without shoes by using a stadiometer (Technical 
Services Unit, The Chinese University of Hong Kong). Unclothed weight of the Hong 
Kong children was weighed by using a Seca electronic scale (Seca: Model 707, Vogel 
& Halke GmbH & Co” Hamburg, Germany), whereas those of Jiangmen children 
was estimated using a beam balance (Lichepai, Model:TGT-100, Guangdong, China). 
Measurements of weight and height were corrected to 0.1 kg and 0.1 cm respectively. 
Baseline dietary assessments 
Baseline dietary assessment had been described in Part I，section 4.3.3 of the 
Chapter. Food intake of the Hong Kong group was assessed by the author using the 
method of dietary history, and cross-checked with a quantitative food frequency 
questionnaire and 24-hour recall (see Appendix 3) (Burke 1947，Bingham, 1987， 
Jain, 1989). Details of the procedures have been described in Chapter 3，section 
3.4.3. Dietary intake of Jiangmen children was assessed by the similar quantitative 
food frequency questionnaire (Appendix 5). The procedures have been described in 
Chapters 2，section 2.4.4. 
Preparation and administration of stable isotopes 
The second true fractional calcium absorption (TFCA) test was also determined by 
the double-label stable isotope technique using ^^Ca and 料Ca. The principles of 
administration and the collection of the labelled ^^Ca and 拟Ca in the urinary samples 
were exactly the same as described in Part I，section 4.3.3 of this Chapter. The final 
concentrations of the oral dose of 似Ca solution and i.v. dose of "^ C^a solution were 
1.83 mg/ml and 0.359 mg/ml respectively. The exact quantities of isotopes given to 
each subject were precisely weighed with an electronic scale accurate to 0.001 mg. 
� 
Determination ofisotovic ratios in the enriched urine samples 
The treatment of the urine samples has been described in details in Part I，section 
4.3.3 of this Chapter. The isotopic ratios of the purified samples were determined by 
thermal ionization mass spectrometry (THQ; Finnegan-Mat GmbH, Bremen, 
Germany) using the double filament technique (Heumann, 1988). The principles of 
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the methods and the detailed laboratory procedures have been described in Part I， 
section 4.3.3 of this Chapter. 
Calculation ofTFCA 
The calculation of % TFCA is based on the assumption that both the i.v. and orally 
administered calcium isotopes are metabolized at the same rate once the state of 
equilibrium has achieved. The % absorption from the oral dose was determined 
according to the following equation (Yergey et al. 1987): 
(na “Ca、(42Ca i.v.) x A %XS ^Ca x 100 
% TFCA = (na ^^CaX^Ca oral) x A %XS ^'Ca 
V and oral refer to 
natural abundance 
where na is the natural abundance of the two isotopes (atom%) 
the exact dose administered (mg), and A %XS = [(measured rati 
ratio)/natural abundance ratio] x 100，i.e., the degree to which a particular 
differs from the natural ratio. 
The exact derivation of the equation is explained in details in Chapter 2， 
2.7.2. The natural abundance (%) of ^Ca and ^'Ca are 2.083% and 
respectively according to the international standard values (De Bievre, 1985) 
Determination of Serum 25-hvdroxvvitamin D, 
Baseline serum level of 25-hydroxyvitamin D3 (25-OHD) had been determined by 
radio-immunoassay (RIA) using a commercial kit (INCSTAR 25-OH-D RIA Kit, 
Incstar Corp. Stillwater, MN, USA) at the beginning 
of the trial. The details of the asssay were given in Part I，section 4.3.3 of this 
Chapter and Appendix 2. 
Ethical Considerations 
The protocol of the calcium absorption tests using stable isotopes and the controlled 
calcium supplementation trial was approved by the Ethics Committees of The Faculty 
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of Medicine, The Chinese University of Hong Kong, and the U.K. Institute of Food 
Research. Informed consent was obtained from all the parents. Appendix 6 shows a 
sample of the consent form. 
Statistical Method 
Descriptive statistics (mean 士 SD) were determined for all variables. Test for 
normality of data distribution of each variable was carried out to determine whether 
or not a parametric or a non-parametric test would be appropriate for comparing 
group means. Owing to the small sample size and the observed skewness of some 
variables, the underlying assumptions of parametric tests may not be valid in the 
analysis. Non-parametric Mann-Whitney U test was used to compare inter-group 
differences in various variables, whereas non-parametric Wilcoxon signed rank test 
was used to test intra-personal changes in TFCA over the 6-month trial. Multiple 
regression analysis was used to identify the relative contribution of initial calcium 
intake, treatment effect (calcium or placebo), and the effect of interaction between 
baseline calcium intake and the treatment effect (calcium or placebo) on the prediction 
of the changes in TFCA over the 6-month period. Significance level was set at P 
<0.05, 2-tailed. Statistical analysis was performed by SPSS/PC, Version 4.0, SPSS 
Inc., Chicago, IL, USA. 
Compliance 
There was no drop out from the 6-month trial. The mean compliance of the study and 
control groups were 96.20 ±16% and 92.8 ±14% respectively by counting the 
number of tablets taken by each subject after the trial. There was no significant 
difference in the mean compliance between the study and control groups (P>0.05). 
Baseline characteristics 
The mean 土 SD calcium intake of the 22 Hong Kong children was 693 士 410 mg/d, 
they had a wider range of calcium intake (185mg/d - 1641 mg/d) because some of 
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them consumed milk regularly. Detailed dietary assessments of these Hong Kong 
cohort children since infancy showed that a majority of the children consumed milk 
on a regular basis. Cow"s milk was the chief source of calcium among the study 
children in Hong Kong. Children from Jiangmen of Mainland China, however, 
consumed little milk after one year of age because their dietary habits were less 
influenced by the West. The main sources of calcium among the Jiangmen study 
children were dark green leafy vegetables, cereals and bean products. The mean 士 
SD calcium intake of the 12 children from Jiangmen was 381 ± 103mg/d (Range: 
172 - 552 mg/d). 
Table 4.6 shows the baseline characteristics of the study children allocated to either 
the study group or control group. The mean calcium intake of the study group was 
not significantly different from the control group (P=0.076); phosphorus and protein 
intakes for the study group were significantly higher than those for the control group 
(P=0.029 and P=0.048 respectively). Weight and height of the study group were not 
significantly different from those for the control group (P=0.48 and P=0.67 
respectively). Initial TFCA of the study group was not significantly different from the 
control group (60.6 士 11.4%; 95% C.I.: 54.8 - 66.5%) v^ 58.2 士 9.0%; 95% C.I.: 
53.6 - 62.8%) (P=0.55). Table 4.7 summarises the baseline characteristics of boys 
and girls in the supplementation trial. There were no significant gender differences 
in dietary intakes, body size and initial TFCA. 
The mean baseline serum 25-OHD levels in the study group and control group were 
respectively 34.8 士 8.2 ng/ml (n=10), and 32.6 士 7.5 ng/ml (n=10). There was 
no significant difference in serum 25-OHD level between the study and control groups 
(P=0.71) (Table 4.6). Besides, there was no significant difference in 25-OHD 
between boys and girls (33.6 士 8.2 ng/ml V5 33.8 士 7.7 ng/ml); (P=0.94). Serum 
25-OHD level below 10 ng/ml has been used by some investigators as a biochemical 
index for vitamin D deficiency (Grindulis et al. 1986). Therefore, the vitamin D 
nutritional status of the study children should be adequate. 
Effects of controlled calcium supplementation on calcium absorption 
After 6 months, there was a significant difference in TFCA between the study group 
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(55.6 士 12.7%) and the control group (64.3 士 10.7%) (P=0.015) (Table 4.6). 
Figure 4.2 shows the changes in TFCA of the individuals in the study and control 
groups over the 6-month period. There was a tendency towards a fall in TFCA among 
the individuals in the study group, whereas the TFCA of the individuals in the control 
group tended to increase after the trial. After 6 months, the mean TFCA of the study 
group was reduced by 5.03 士 12.4% to 55.6 土 12.7%， 9 5 % C.I.: 49.1 - 62.1%) 
(P=0.11 by Wilcoxon signed rank test). Nevertheless, the control group showed a 
significant increase in TFCA (6.17 士 7.7%) to 64.3 士 10.7% (95% C.I.: 58.9 -
69.8%) (P=0.004 by Wilcoxon signed rank test). The differential in TFCA between 
the study and control groups after the 6-month trial was significantly different 
(P=0.001), and the significant difference remained even after adjusting for baseline 
dietary intakes of calcium, phosphorus and protein, weight and height (P二0.0035). 
Multiple regression analysis was used to identify the relative contribution of initial 
calcium intake, treatment effect (calcium or placebo), and the effect of interaction 
between initial calcium intake and the treatment effect (calcium or placebo) on the 
predicted change in TFCA over the 6-month period. The results show that baseline 
calcium intake did not predict the changes in TFCA either in the study group or 
control group over the 6-month period (P=0.93 for main effect, P=0.62 for 
interaction effect). However, the treatment effect remained an independent significant 
I predict the difference between the initial and final TFCA (P=0.048). 
4.4.5 
This is the first double blind controlled calcium supplementation trial to study its 
effects on the changes in TFCA among Chinese children using the technique of 
doubly-labelled stable isotopes with orally administered 拟Ca labelled in chocolate 
milk. The compliance rate of the trial participants was greater than 90% and the 
compliance was consistent throughout this short duration study. Mean serum 
concentration of 25-OHD for the 20 study children was within the normal range even 
in the winter season. Therefore, the vitamin D nutritional status of the study children 
should not be a limiting factor to facilitate calcium absorption. Both the compliance 
rate and vitamin D nutritional status were not statistically different between the study 
and control group; hence, these two factors should not be the confounding factors in 
explaining the differential in TFCA between the study and control groups upon 
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completion of the trial. 
There was a wide individual variation in both the individual values of TFCA, and in 
the alternation of TFCA among the children in response to treatment effects (Figure 
4.2). In the study group, two boys with mean calcium intakes at about 300mg/d and 
380mg/d had TFCA remarkedly reduced (from 84.6% to 40.5%, and from 73.1% to 
48.4% respectively) after the trial, whereas in the control group, a boy and a girl 
with mean calcium intakes at about 270mg/d and 325mg/d had TFCA markedly 
increased from 48.1% to 74.2%, and from 78.5% to 95.5% respectively after the 
study. Repeated laboratory analyses also yielded consistent results. All these four 
children were perfectly normal; however, their dietary calcium intakes were on the 
low side. Such a magnitude of variation in the change of TFCA has also been 
reported in a short-term milk supplementation study (Fairweather-Tait et al., 1989). 
The children in the study group had a much higher dietary calcium intake compared 
to those in the control group throughout the 6-month controlled calcium 
supplementation trial. At the end of the trial, TFCA of the control group was 
significantly higher than that of the study group. In addition, by comparing the 
individual changes in TFCA over the 6-month period for the study and control 
groups, a significant increase in TFCA was observed in the control group, whereas 
there was a non-significant reduction in TFCA in the study group after 6 months. If 
TFCA from the total diet is similar to that from a meal of chocolate milk, then the 
results from the present study suggest that growing children on a lower calcium diet 
are able to increase the efficiency of intestinal calcium absorption to meet the 
escalated demand for calcium for bone mineralisation. Further study is warranted to 
determine whether calcium intake is a major determinant for an elevation of the rate 
of calcium absorption. On the other hand, to increase calcium intake in growing 
children by using calcium supplements alters the state of calcium equilibrium by 
downward regulation of the calcium absorptive mechanism. The results of the current 
trial are in line with several adult studies in that TFCA is negatively related to 
habitual calcium intakes (Malm, 1958; Heaney et al 1975). 
The multiple regression model including three independent variables to predict the 
intra-personal changes in TFCA over the 6-month period, namely, treatment effect 
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(either calcium supplement or placebo), baseline calcium intake, and the effect of 
interaction between treatment effect and baseline calcium intake. The results of the 
multiple regression analysis showed that the treatment effect was the only significant 
independent variable to predict an individual "s change in TFCA, baseline calcium 
intake had no significant effect on the change in TFCA, there was also no interaction 
between treatment effects and baseline calcium intake to predict individual"s change 
in TFCA. The results imply that the treatment effect (an increased calcium intake of 
300mg/d for a period of 6 months) would trigger a downward regulation of the 
efficiency of calcium absorption. On the other hand, growing children on self-selected 
diets not receiving calcium supplements were still capable of further increasing the 
rate of absorption to cope with an escalating demand of calcium for growth. The 
alternation of calcium absorption rate was also found to be independent of the habitual 
calcium intakes. In other words, the regulation of TFCA may happen in children with 
either low or high habitual calcium intake, and the intestinal absorptive mechanism 
may adapt to different levels of calcium intake in order to absorb a necessary amount 
of calcium for growth. Heaney et al (1975) and Matkovic et al (1990) indicated that 
calcium retention in the body is proportional to the total amount of calcium absorbed. 
Two early studies in Indian and Sri Lankin children together showed that children 
with habitual calcium intake at about 300mg/d could still maintain a positive calcium 
balance (Nicholls & Nimalasuriya，1939; Begum & Pereira，1969). However, 
contradictory results were found in Caucasian adolescent girls (Matkovic et al. 1990). 
Although our results show that the children in the placebo group were able to adjust 
the TFCA upwards, if the diet in childhood is too restricted in calcium content (< 150 
mg/d), children may not be able to absorb sufficient calcium to maintain a positive 
balance for bone mineralisation (Pettifor et al. 1979; Eyberg et al. 1985; Legius et 
al. 1989). 
4.4.6 Conclusion 
In conclusion, the present trial evaluated the effects of a 6-month controlled calcium 
supplementation trial on the differential in true fractional calcium absorption (TFCA) 
of 7-year old Chinese children using the dual stable isotopes technique with orally 
administered "Ca labelled in chocolate milk. After the trial, the children in the 
placebo group had a significantly greater mean TFCA than that in the calcium 
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supplemented group who ingested an additional 300mg/d of calcium throughout the 
trial. With regard to the individual、adjustment ofTFCA in response to the treatment 
effect (calcium or placebo-treated) after the trial, the control group children showed 
a significant increase in TFCA，while the calcium supplemented children had a 
pronounced but not significant fall in TFCA after the trial. If the mechanism of 
TFCA from chocolate milk in response to the treatment effects is similar to that from 
the total diet, then the results of the trial suggest that children with adequate vitamin 
D nutritional status were able to adapt in response to a change in dietary calcium 
intake by adjusting the efficiency of calcium absorption. In corollary, children 
subsisting on a habitually low calcium diet had a higher rate of calcium absorption 
than the counterparts with a relatively higher calcium diet. 
4.5 Chapter Discussions and Conclusion 
Almost all the Jiangmen children in the current study were breast-fed for up to 10 
months of age. Only one girl was formula fed from birth to 15 months, and 5 
children were supplemented with formula milk up to about 12 months of age because 
the mothers could not produce adequate amounts of breast milk. After one year old, 
5 children would occasionally consume a few teaspoons of condensed milk or 
powdered milk while the rest of children seldom consumed milk. Therefore, The 
major sources of dietary calcium for Jiangmen children were dark green vegetables, 
cereals and bean products. Hence, the habitual calcium intake of these 12 children 
from 1-7 years was approximately 300 mg/d due to low intake of milk and milk 
products. All the study Hong Kong children, however, were formula fed during 
infancy. In Table 4.2, 14 children (Group E) with current calcium intake >500mg/d 
have been continuing to drink milk since infancy. The remaining 8 children (Group 
C) with current calcium intake <500mg/d gradually reduced the frequency and 
quantity of milk intake by age one year, 2 out of these 8 children stopped using milk 
at age 2 years and 4 years respectively. While the remaining 6 children drank milk 
occasionally. Therefore, the discrepancy in habitual calcium intake in the study 
V 
children has already occurred at younger ages. In addition, both Hong Kong and 
Jiangmen are located in soft water regions. In Hong Kong, the mean level of calcium 
in tap water was 9.9 mg/L (The Water Authority of Hong Kong, unpublished data). 
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Therefore, the contribution of calcium from drinking water is probably not 
substantial. 
In the present study, nutritional adaptive mechanism operated in children in response 
to different calcium loads. The results of the baseline absorption study show that the 
study children were able to adapt by increasing the rate of calcium absorption in 
response to a habitually low calcium diet. However, it is interesting to note that even 
when children were on a high calcium intake, the absorption rate was still as high as 
During the period of skeletal development, an increased demand for calcium for bone 
mineralisation may enhance the production of parathyroid hormone and 1,25-
dihydroxyvitamin D3, which in turn would stimulate the synthesis of calcium-binding 
protein to facilitate intestinal uptake of calcium (Hegsted et al. 1952; Norman et al. 
1981; Norman 1990; Chan et al. 1992). Furthermore, a reduction in urinary calcium 
excretion has been documented in children and adolescents (Begum & Pereira，1969; 
Matkovic et al. 1990; Norman, 1990). Therefore, the success of nutritional adaptation 
depends on the systemic mediation of parathyroid hormone and vitamin D in response 
to a low habitual calcium diet (Hegsted et al. 1952; Norman 1990) such that an 
adequate amount of calcium can be retained to achieve a positive calcium balance for 
skeletal mineralisation. 
Although the serum samples of 25-OHD were collected in the winter time, Hong 
Kong and Jiangmen are located in the sub-tropical geographical region where sunshine 
is abundant throughout the year, the study children in this age group spend a lot of 
time on outdoors activities, they should obtain most of their vitamin D by regular 
exposure to the sun. Mean serum 25-OHD levels of the study children from Jiangmen 
(31.1 士 7.4 ng/ml，n=20) was not significantly different from that of Hong Kong 
children (33.7 士 7.7 ng/ml) (P=0.170)，and the mean values of the two regions were 
within the normal range. Thus, the variation of TFCA amongst the study children was 
unlikely related to the difference in vitamin D nutritional status. The results indicate 
that an adequate vitamin D nutritional status appears to be an important factor to 
allow nutritional adaptation to occur. Two recent studies in infants of Hong Kong and 
Guangdong, China together showed that serum 25-OHD levels in young Chinese 
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children from both regions were comparable (20-26 ng/ml) (Leung et al., 1989; 
Leung et al., 1993). A study reported that in healthy adults with low calcium intake 
the serum 1,25-dihydroxyvitamin D level was found to be elevated (Norman et al., 
1981). However, our data do not show that there was a significant difference in 
serum 25-OHD level between the lower and higher calcium intake children (P=0.66) 
nor there was a correlation between serum 25-OHD concentration and baseline TFCA 
(r=-0.29, P=0.21, n=20). Furthermore, if the data for urinary calcium excretion in 
the study children were available, it would be helpful to clarify the argument that 
nutritional adaptive mechanism exists in growing children to retain an appropriate 
amount of calcium for the maintenance of a positive calcium balance. 
In order to examine whether the trends of baseline TFCA was related to certain food 
intake (namely, milk and milk products, green leafy vegetables, beans and bean 
products, and meats) and physical activity, individual records of dietary intake and 
physical activity of the Hong Kong group children (n=22) were retrieved. Individuals 
with higher intake of green leafy vegetables and milk and milk products tended to 
have lower TFCA and vice versa. There was a tendency of higher TFCA for children 
consuming less green leafy vegetables, beans and milk and milk products. The results 
appeared to indicate that children consuming more calcium rich foods, namely dairy 
products and green leafy vegetables had a tendency of lower TFCA, whereas children 
consuming less of these calcium rich food had higher TFCA to compensate for low 
the calcium diets. Baseline TFCA, however, was not related to meat intake and the 
levels of physical activity. 
Published data on TFCA and the extent of adaptation to low calcium diets in Asian 
and Caucasian children are limited. The findings of the present study agree with those 
of earlier balance studies in low calcium intake Indian children (Begum & Pereira， 
1969) and Sri Lankin children (Nicholls & Nimalasuriya, 1939) in that children could 
adapt to calcium intake below 300mg/d and were able to maintain positive calcium 
retention. The mean calcium retention of 28 rural Indian children (Begum & Pereira， 
1969) subsisting on a diet as low as 200mg/d could reach about 60%, and the mean 
urinary calcium loss was less than 35mg/d. On the other hand, Nicholls & 
Nimalasuriya (1939) showed that Sri Lankin children accustomed to calcium diet less 
than 300mg/d were able to absorb over 60% of calcium from the diet, 
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total urinary calcium excretion was 16mg/d. Matkovic (1991) reviewed 99 metabolic 
balance studies in aged 2-8 year children, the author observed that the mean urinary 
calcium loss was dropped from 117mg/d to about 60mg/d when mean calcium intakes 
declined from 1600mg/d to 470mg/d. These early studies also demonstrated that 
growing children on habitually low calcium diets had low urinary calcium excretion 
in addition to a relatively higher calcium retention such that a positive calcium 
balance can be maintained to facilitate skeletal mineralization. 
In the present study, although TFCA of lower calcium intake children were higher 
than that of the higher calcium intake children, calcium absorption is one of the 
components of the calcium balance equation, other components, namely, the amounts 
of urinary calcium excretion, dermal and endogenous calcium losses need to be 
revealed in order to examine the extent of calcium balance (or calcium retention) in 
children habituated at higher and lower levels of calcium intake. 
Advantases and limitations of the TFCA technique 
Calcium moves across the intestine in both directions - the calcium absorbed from the 
gut would be secreted as endogenous calcium into the gut lumen and subsequently 
reabsorbed from it. Net fractional calcium absorption determined by traditional 
balance studies fails to differentiate the endogenous calcium from the dietary source. 
However, the technique of doubly label isotopes measures true fractional calcium 
absorption by giving one isotope orally and the other one intravenously which can 
correct for the endogenous calcium secreted into the intestine. The determination of 
TFCA using double-label isotopes only requires a sample of the body fluids, eg. urine 
and blood, collected 24 hours after dosing. The measurement does not depend on the 
absolute quantities of the two labelled isotopes but the ratio of the two isotopes in the 
body fluids. Thus, the technique is not subject to inherent errors incurring in a 
metabolic balance study. Furthermore, the use of stable isotopes to determine 
fractional calcium absorption was found highly correlated with the technique of 
radioisotopes (Yergey et al.，1987; Eastell et al., 1989). The test is less time 
consuming which takes a few minutes to administer the tracers, whereas a balance 
study needs several weeks to complete. Thermal ionisation mass spectrometry is a 
and sensitive technique than the Fast atom bombardment mass 
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spectrometer to measure inorganic isotopes (Fairweather-Tait et al. 1989). It has a 
precision of 0.3 - 0.5%. Therefore, lower doses can be used such that the cost of 
isotopes can be reduced. Furthermore, for studies in infants and children who have 
a smaller exchangeable calcium pool, doses can be further scaled down (Eastell et al., 
1989). 
In the present study, chocolate milk was used instead of ordinary milk as a carrier for 
^Ca isotope. Some nutrition textbooks state that calcium in chocolate milk is less 
readily for absorption than plain cow"s milk due to the presence of oxalate in 
chocolate. However, Recker et al (1988) using radioisotopes to compare fractional 
absorption of calcium in chocolate milk, whole milk, yoghurt, cheese and calcium 
carbonate in healthy subjects, found that there were no significant differences in the 
relative absorbability among chocolate milk and any of these tested dairy products as 
well as calcium carbonate suggesting that the absorbability of calcium in chocolate 
milk is comparable to plain cow"s milk. 
The use of chocolate milk as a single carrier for the ^Ca might give a result 
representing how well the calcium in chocolate milk is absorbed but may not be 
representative of the calcium absorption from the whole diet. Despite this factor, the 
protocol was unique throughout the present absorption study, the tests using chocolate 
milk as a single calcium carrier was able to differentiate high absorbers with lower 
calcium intake, and low absorbers with high calcium intake. 
Eastell et al (1989) employed a dual-isotope technique to estimate calcium absorption 
by extrinsic labelling individual meals throughout a day rather than labelling a fixed 
calcium carrier. The authors observed a negative correlation between amount of the 
dietary calcium and the quantity of labelled-calcium absorbed. TFCA also varied from 
meal to meal during a day which may be attributed to the variation in calcium 
contents of the meals. Therefore, in future study it may be appropriate to label 
different meals of a day in order to obtain a more accurate estimation of calcium 
absorption based on the entire diet. 
Published TFCA studies in children using the same dual tracer technique 
Abrams et al. (1993) employed the dual tracer technique to compare TFCA of 10 
healthy Caucasian girls with an mean age of 7.5 year (SD 1.4)，the results was used 
to compare to that of children with juvenile rheumatoid arthritis.抖Ca (0.5mg/kg) or 
46Ca (0.5ug/kg) was labelled in milk (amount of milk used was not mentioned in the 
report) and taken orally with a standard breakfast. ^^Ca (0.1-0.35 mg/kg) was infused 
immediately after the breakfast. TFCA of the healthy girls was 30.4% (SD 8.4), and 
the mean dietary calcium intake of the 10 subjects was 940mg/d (SD 470). The higher 
percentages of TFCA as found in the present study when compared to that of Abrams 
et al. (1993) may be due to adaptive or ethnic differences in the efficiency of calcium 
absorption or the slight variations in the study protocols. Miller et al. (1988) and 
Smith et al. (1987) used a double isotope technique to determine TFCA from 拟Ca 
enriched calcium salts of carbonate and citrate-malate in Caucasian children and 
adolescents of age 10-17 years. The results of TFCA from calcium carbonate and 
calcium citrate-malate were 26% and 36% respectively which were remarkably lower 
than those from the present study. In the current study, the mean age of the subjects 
were younger than those in Miller et al. (1988) and Smith et al. (1987). In addition, 
oral ^Ca was labelled in chocolate milk as a tracer carrier and the test meal was 
given on a fasted state. In contrast, Miller et al. (1988) and Smith et al., (1987) 
labelled calcium salts with oral 似Ca (250mg Ca total dose), the oral tracer was taken 
with a standard breakfast simultaneously. Thus, it is inconclusive whether the 
discrepancy in TFCA between the results of our own study and those of Miller et al. 
(1988) and Smith et al. (1987) was due to adaptive or ethnic differences or it may be 
attributed to the variations in the study design. 
Significance of the TFCA study and implications for further study 
The value of fractional calcium absorption is one of the key factors for the estimation 
of calcium requirements in children (National Research Council, 1989; Department 
of health, 1991). In U.S.A., the recommended calcium intake for children for the age 
V 
between 1-10 years was 800mg/d which was based on an assumption that calcium 
absorption rate in children is 40% (National Research Council, 1989). The calcium 
RDA for Chinese children based on the mean TFCA as extrapolated from the present 
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study may be lower than the U.S. RDA. It would require a further absorption study 
in Caucasian children using the same protocol as in the present study to compare the 
discrepancy in calcium absorption between Caucasian and Chinese children, if any. 
In addition, it is worthwhile to assess calcium absorption in Chinese children living 
in the temperate region of Northern China in order to determine if there are any 
variations in calcium absorption due to environment difference such as dietary intake, 
vitamin D status and sunshine exposure, etc. 
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士 SD baseline dietary intakes and body size of the 
7 years old Hong Kong and Jiangmen children in the initial 
















Mean 士 SD 
[Range] 
6 9 3 士 4 1 0 
[185 - 1641] 
.3 士 34.2 
164] 
1002 士 3 2 7 
[545 - 1803] 
0.66 土 0.22 
[0.30 - 1.2] 
7 7 2 4 士 1874 
[5644 -12949] 
士 19 
- 1 1 7 ] 
20.9 士 2.57 
[17.2 - 27.4] 
119.3 士 3.6 
[114.5 - 129.3] 
7 7 
[49 
1 土 SD 
Range] 
81 士 103 
172 - 552] 
81.3 士 14.3 
5 3 - 103] 
6 8 3 士 180 
m - 1062] 
.56 士 0.12 
0.39 - 0.79] 
6 7 8 士 1021 
3226 - 6899] 
8 ± 17 
8 - 8 8 ] 
土 3.2 
7.8 - 27.9] 
5 士 4.1 





Level of significance (P value) of Mann-Whitney U 
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Classification of the study children into Group A to E according 
the country of origin and calcium intake in the initial calcium 
absorption study* 








(n= l l ) 
Group E 
(n=14) 
Hong Kong + Jiangmen 









One child from Jiangmen with calcium intake at 550 mg/d (>500mg/d) was 
excluded in the classification because sample size equals one 
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Mean 士 SD dietary intake, body size and TFCA of all the 7 years old 
children in Group A (Ca <500mg/d ) and Group B (Ca >500mg/d) 













Mean 士 SD 
[Range] 
3 6 3 士 91 
[172 - 500] 
5 3 5 5 士 1324 
[3226 - 8134] 
70.4 土 20.1 
[31.8 - 103.3] 
7 1 6 士 163 
[436 - 1041] 
0.52 士 0.13 
[0.3 - 0.79] 
61.6 士 18.3 
[37.9 - 114.7] 
19.8 ±2.3 
[17.2 - 24.3] 
120 ±3.5 
[113.9- 125.8] 
63.1 士 10.7 
[48.1 - 84.6] 
Mean 士 SD 
[Range] 
862 士 3 9 4 
[505 - 1641] 
8 2 9 0 士 1957 
[5751 - 12949] 
101.1 土 28.9 
[70.5 - 164.1] 
1109 士 3 4 0 
[724 - 1803] 
0.76 ±0.17 
[0.5 - 1.2] 
81.6 士 17.6 
[56.3 - 117.1] 
21.5 士 2.6 
[17.7-27.9] 
11 士 3.8 
[114.5 - 129.3] 
54.8 士 7.3 







* Level of significance (P value) of Mann-Whitney U test 
TFCA denotes true fractional calcium absorption 
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Comparisons of dietary intakes, weight and height among children 
among Group C, D and E using Kruskal-Wallis test in the initial 







Mean 土 SD 
[Range] 

















3 5 9 士 9 4 
[185 - 470] 
6 5 6 1 士 8 7 0 
[5645 - 8133] 
55.2 士 16.3 
[31.8 - 79.6] 
8 0 9 士 151 
[545 - 1041] 
土 
[0.30 - 0.59] 
70.6 士 2 0 
[49.2 - 114.7] 
19.8 士 2.3 
[17.2 - 23.6] 
119.6 士 3.5 
[115.0- 125.2] 
6 6 士 92 
172 - 500] 
7 士 7 8 2 
3 2 2 4 - 5854] 
81.3 士 15.1 
53.3 - 103.3] 
6 4 9 士 141 
：436 - 898] 
0.57 士 0.12 
39 - 0.79] 
55.1 士 14.9 
[37.9 - 86.2] 
20.7 土 2.6 
• 8 - 24.3] 
；.9 士 3.7 
1 1 3 . 9 - 125.8] 
884 士 3 9 9 
[505 - 1641] 
8 3 8 9 士 1992 
[5751 - 12951] 
102.5 士 29.4 
[70.5 - 164.2] 
1112 士 35 3 
[724 - 1803] 
0.78 士 0.16 
[0.50 - 1.2] 
81.1 士 18 
[56.3 - 117.1] 
21.5 士 2.6 
[17.7 - 27.4] 








Group C (Hong Kong, Ca intake <500mg/d), Group D (Jiangmen, 
Ca intake <500mg/d), Group E (Hong Kong, Ca intake >500mg/d) 
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Table 4.5. Comparisons of mean TFCA among Groups C，D & E of 
the 7 years old Hong Kong and Jiangmen children in 
the initial calcium absorption study*卞 
Group TFCA (%) 
Mean 士 S] 
[Range] 
Calcium Intake (mg/d) 
Mean 士 SD 
E 4 
8 11 62.1 士 9.95 
[55.1 - 84.6] 
63.7 士 11.7 
[48.1 - 82.7] 
54.7 士 1.6 
[46.0 - 68.2] 
359 士 94 
366 士 92 
884 士 3 9 9 
TFCA denotes true fractional calcium absorption 
* Group C (Hong Kong, Ca intake <500mg/d), Group D (Jiangmen, 
Ca intake <500mg/d), Group E (Hong Kong, Ca intake >500mg/d) 
卞 Comparing mean TFCA by Mann-Whitney U Test: Group C vs Group E, 
P=0.076; Group D V5 Group E，P=0.033; Group C v^ Group D，P=0.9： 
1 Jiangmen child with calcium intake at 550mg/d was not included 
in the analysis. 
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Comparisons of mean 土 SD dietary intakes, body size, initial TFCA, 


















Initial TFCA (%) 
Final TFCA (%) 
6 7 2 士 3 9 2 
[298 - 1641] 
7 0 5 5 土 2 1 7 0 
[3726 - 12951] 
91.8 士 30 
[40.2 - 164.0] 
9 8 0 士 328 
[591 - 1803] 
0.661 ± 0 . 2 
[0.3 - 1.18] 
76.1 士 17 
[40 - 103] 
21.3 士 2.9 
[17.2 - 27.9] 
119.6 士 3.6 
[114.0- 126.2] 
60.6 士 11.4 
[46.0 - 84.6] 
55.6 土 12.7 
[39.5 - 90.7] 
[31 
798 
4 9 4 士 324 
[172 - 1516] 
6235 士 2 1 8 3 
[3224 - 11254] 
76.3 士 2 6 
8 - 134.7] 
士 294 
[436 - 1707] 
0.586 士 0.18 





119.3 士 4.0 
[113.9- 129.3] 














TFCA denotes true fractional calcium absorption 
* Level of significance (P value) of Mann-Whitney U test 
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Comparisons of mean 士 SD dietary intakes, body size, and initial 
TFCA between boys and girls in the final calcium absorption study 
Girls 
=18) 
Mean 士 SD 
[Range] 
=16) 








Initial TFCA (%) 
6 4 1 士 4 0 7 
172 - 1641] 
士 24 7 2 













60.1 士 12.1 
[46 - 84.6] 





5 1 7 士 312 
[185 - 1516] 
旧 士 1836 
86 - 11254] 
78.9 士 24.2 
[31.8 - 134.7] 
834 土 2 8 7 
[501 - 1707] 
0.60 ±0.16 
34 - 0.91] 
6 士 19.2 
- 1 1 7 ] 
21.1 士 3.7 
[17.2 - 27.9] 
).5 土 4.4 
[114.5 - 129.3] 
58.6 士 7.7 
[50.1 - 78.5] 
TFCA denotes true fractional calcium absorption 
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CHAPTER 5 GENERAL DISCUSSIONS AND RECOMMENDATIONS 
FOR FURTHER STUDY 
5.1 Ethnic differences in bone acquisition and calcium absorption 
Ethnic differences in bone mass are well documented (Garn，1964; Pollitze & 
Anderson, 1989; Gilsanz et al. 1991; McCormick et al. 1991). Cortical bone mass 
of Chinese and Japanese were found to be significantly lower than Caucasians (Garn, 
1964). Recently, the uses of quantitative computed tomography (QCT), DEXA, and 
dual- and single- photon absorptiometry (DPA & SPA) to quantitate in vivo bone mass 
have provided evidence of ethnic differences in bone mass and its acquisition in 
children and adolescents (Prentice et al. 1990; Gilsanz et al. 1991, McCormick et al. 
1991). Chinese children and adolescents have in general a smaller body frame, and 
skeletal mass than do Caucasians. Therefore, less mechanical stress, and hence lower 
bone mass may be required by Chinese children to support their smaller body weight 
when compared with Caucasians. In fact, studies have shown that racial differences 
in bone density may disappear after confounding factors of body weight, height and 
lean body mass were controlled for in comparison of ethnic differences in bone 
density (Prentice et al. 1991; Davee et al. 1992; Metz et al. 1993). Ethnic differences 
in bone acquisition has been shown to manifest in puberty. It is known that bone 
mineral accretion rate accelerates dramatically at pubertal years with the increased 
production of sex steroids until sexual maturity (Katzman et al. 1991; Bonjour et al. 
1992). Gilsanz et al. (1991) studied the influence of hormonal and hereditary factors 
on bone mineral accretions in black and white adolescent girls. The spinal bone mass 
of prepubertal black girls and white girls were not significantly different; however, 
at late puberty, black girls increased bone mass by 34%, whereas white girls only 
increased theirs by only 11%. The ethnic differences in the production of sex steroids 
and bone sensitivity to these hormones were suggested by the authors to explain for 
this discrepancy. Such a study provides strong evidence of ethnic effects on 
modulating bone mass acquisition. 
Results of the previous calcium absorption studies (Nicholls & Nimalasuriya, 1939; 
^ereira, 1969; Miller et al. 1988; Abrams et al. 1993) and the those 
from the present absorption study suggest that there may be an ethnic or 
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adaptive difference in calcium absorption. The capability of enhancing calcium 
absorptive efficiency in some ethnic populations may be inherited from their ancestors 
who were able to adapt to low calcium diets for many generations (Lee, 1993). 
Among the calcium supplemented children in the present two supplementation studies, 
although the mean calcium intakes of our calcium supplemented children in the trial 
period (i.e. self-selected calcium diet supplemented with calcium tablets) were lower 
than the counterparts in the twin study (Johnston et al. 1992) and in the adolescent 
study (Lloyd et al. 1993), the rate of bone acquisition in our two calcium trials were 
found to be comparable to those of Johnston et al. (1992) and Lloyd et al. (1993). 
Given that the study children in the current study had adequate vitamin D nutritional 
status, a higher rate of calcium absorption, and a probably lower urinary calcium 
excretion of this age group (Matkovic, 1991)，the children might have adapted by 
retaining a sufficient amount of calcium in the body for bone mineralization. 
5.2 Calcium requirements for Chinese children 
Calcium requirements for children and adolescents are mainly estimated by two major 
factors, i.e., the rate of daily skeletal calcium accretion and calcium absorptive 
efficiency, and to a less extent, calcium loss through the skin and sweat (National 
Research Council, 1989; Department of Health, 1991). An estimation of daily 
calcium increments in the skeleton is a key factor to evaluate calcium requirements 
in growing children. Several RDA committees (National Research Council, 1989; 
Chinese Nutrition Society, 1990; Department of Health, 1991) recommend calcium 
intakes for children and adolescents based on data from a British study in the early 
century (Leitch & Aitken，1959), which estimated daily skeletal calcium increments 
in children and adolescents by assuming the percentage of skeletal increment of 
calcium was proportional to an increase in body weight during growth. Moreover, 
estimated values solely relied on an estimation of skeletal calcium content 
from a limited number of young individuals at post-mortem. Hence, the 
validity of the assumptions used in this classical study (Leitch & Aitken, 1959) are 
debatable (British Nutrition Foundation, 1989; Peacock, 1991). 
In fact, recent absorption studies using stable isotopes have demonstrated that the 
mean calcium absorption rates of normal Caucasian children and adolescents are less 
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than 40% (Miller et al. 1988; Abrams et al. 1993) which agreed with the assumption 
made by National Research Council (1989). In contrast, in our absorption study as 
described in Chapter 4 the mean TFCA was 63 ± 11% in children subsisting on a 
usual calcium diet of 300mg/d. The results agreed with earlier balance studies in low 
calcium intake Indian and Sri Lankin children that children could adapt to calcium 
intakes at around 300 mg/d and were able to maintain a positive calcium balance 
(Nicholls & Nimalasuriya, 1939; Begum & Pereira, 1969). The results of absorption 
tests in the present study support the hypothesis of FAOAVHO (1962) that children 
can adapt to the quantity of calcium in the diet by altering the efficiency of calcium 
absorption. 
Recommended dietary allowances (RDAs) for calcium in children in Western 
industrialised countries are mostly set at 800 to lOOOmg/d (National Research 
Council, 1989; German Society of Nutrition, 1991). Given that the skeletal size of 
adult Chinese individuals is in general smaller than that of Caucasians (Garn et al. 
1964; Mazess et al. 1974; Hsu et al. 1987), it follows that the annual deposition of 
calcium in the skeleton during growth in Chinese children and adolescents would be 
lower in comparison. As a result, the amount of daily skeletal calcium accretion for 
growing Chinese children and adolescents may be less than their Caucasian 
counterparts (Lee, 1993). Considering the fact that an enhanced calcium absorptive 
efficiency has been found in Chinese children as reported in the present study, it is 
logical to conclude that calcium recommendations for Chinese children need not be 
as high as those recommended in the Western countries (i.e. 800-1000 mg/d). 
However, based on the limited scientific evidence, it would require further studies to 
determine appropriate calcium recommendations for Chinese children. 
5.3 Indications for further studies 
As mentioned in Chapter 2, genetic inheritance accounts for 70-80% of the 
attainment in peak bone mass (Pocock et al. 1987; Slemenda et al. 1991b; Morrison 
et al. 1994). On the other hand, body build (Lloyd et al. 1992; Turner et al. 1992) 
including lean body mass (Davee et al. 1992); physical activity (Slemenda et al. 1992; 
Metz et al. 1993); dietary intake including calcium (Fehily et al. 1992; Hu et al. 
1993), protein (Metz et al. 1993; Orwoll, 1991)，phosphorus (Metz et al. 1993) and 
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(Sabto et al. 1984; McParland et al. 1989); smoking (Mazess & Barden， 
Paganini-Hill et al. 1991) and alcohol consumption (Fehily et al. 1992)，etc. 
‘known modifiable factors that may determine the remaining 20-30% variation in 
peak bone mass. Since hereditary and environmental factors during skeletal growth 
act in concert to modify the attainment of future peak bone mass; therefore, when 
designing future studies on calcium requirement in relation to optimal bone 
mineralisation these two major sets of factor need to be considered. 
Furthermore, there is a lack of dose-response calcium supplementation trial with 
duration long enough to extend from early childhood until early 20 "s to make 
conclusive statements on the substantial benefit of a higher calcium intake in early life 
on optimal peak bone mass achievement. Therefore, a cohort trial carried out with 
sufficient long duration is superior to short term longitudinal studies to study the 
impact of genetic, hormonal，nutritional and environmental factors on the integrity of 
bone mass development and the requirements of calcium for achieving an optimal 
peak bone mass at skeletal maturity. 
In addition, It would be worthwhile to undertake a further absorption study in 
Caucasian children using the same protocol as found in the current study to compare 
if there is any difference in TFCA between Caucasian and Chinese children. In 
addition, it is worthwhile to assess calcium absorption in Chinese children living in 
other regions China or abroad in order to determine if the variations in calcium 
absorption are due to environment differences such as food habits, vitamin D status 
and sunshine exposure, etc. 
In a broader prospective, studies on the rates of bone mineral accretion and other 
factors contributing to peak bone mass in children other than Caucasians are scarce, 
particularly studies in children habituated to low calcium diets. Therefore, more local 
research should be carried out among indigenous populations to study factors 
contributing to peak bone mass. Hereditary factors, hormonal control, and modifiable 
environmental factors that are known to account for the variations in peak bone mass 
have to be considered concomitantly in these studies in order to derive an appropriate 
and practical calcium recommendations for children in different nations or ethnic 
groups. One should also bear in mind that the derivation of calcium recommendations 
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based on one ethnic group, predominantly Caucasians, may not be applicable to other 
ethnic groups if there are no direct clinical or experimental supporting data generated 
from the indegenous populations concerned. 
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Appendix 2 Measurement of Serum Concentration of 25-hydroxyvitamin D3 
Introduction 
Plasma concentration of 25-hydroxyvitamin D3 (25-OHD) was analysed by means of 
a radioimmunoassay (RIA) using a commercial kit (INCSTAR 25-OH-D RIA Kit, 
Incstar Corp. Stillwater, MN, USA). In human, the first step in the metabolism of 
vitamin D (Calciferol) is the 25-hydroxylation process which occurs mainly in the 
liver. Since 25-OHD is the predominant circulating form of vitamin D in healthy 
people, it is a useful index for vitamin D status. The INCSTAR 25-OH-D RIA 
technique consists of a two-step procedure. The first step was an extraction of 25-
OHD from the plasma with acetonitrile. After extraction, the sample was then assayed 
using an equilibrium RIA procedure. The RIA technique is based on an antibody with 
specificity to 25-OHD. The sample, antibody and tracer are incubated for 90 minutes 
at 20-25 GC. 25-OHD is then separated after a 20 minutes incubation at 20-25 ^C with 
a second antibody precipitating complex. 
Collection and storage of plasma 
Blood was taken the subjects in the autumn month of October. 5 ml of venous blood 
was drawn, EDTA was used as a coagulant. The collected samples were placed put 
on ice, and immediately centrifuged for 15 minutes at 2000 rpm. The plasma was 
separated and stored at -70 until analysis. 
Extraction and assay Procedures 
500 uL of acetonitrile was added to each glass tube, 50 uL of standard, control and 
plasma sample were added slowly below the surface of acetonitrile. Mix and 
centrifuge at 2000 rpm for 10 minutes at 20-25 25 uL sample in duplicate was 
pippeted from the supernatant for assay. Reconstituted the lyophilised controls and 
allowed any frozen reagents to equilibrate at 25 ^C. Mixed the reagents with the 
standards, controls and unknown samples, and incubated for 90 minutes at 20-25 
500 uL Donkey anti-goat (DAG) precipitating complex was added to all tubes except 
total count tubes. Mixed tubes well and incubated for 20-25 minutes at 20-25 
Centrifuged using 2580 rpm for 20 minutes at 20-25 ^C. Decanted the supernatants 
(except the total count tubes). In a gamma scintillation counter, count each tube in 
disintegrations per minute, Allow sufficient time to achieve statistical accuracy. 
Interpolated the levels of 25-OHD in the unknown samples from the curve of the 
calibration standards. 
Appendix 3 Dietary assessment record form for Hong Kong children 
221 
(I) Dietary History Record (Please specify the amount 




Fruit ar><^  fruit iuice 
Chinese 
(1) Milk and Milk products 
(A) child consume powdered milk 
If yes, what 
How much ？ __ 
How often ？ 
(B) 
How is the formula prepared (quantity of milk 
powder added to water) ？ 
child drink liquid milk 




gnack Foods. eg. sweets, crisps, biscuits,_cakes,_soft 
jrinlcs. etc. 
eg. hamburger, fried chicken, chips, 
I _ 
署 * 
I / D 
(C) Does the child take dairy products, eg. cheese, 
yoghurt or ice-cream, etc. ？ 





(6) Dried Fruits 
I /D 
(7) Small fish 
with bone. 
with bone, Tinned fish 
shrimps with shell, etc. 
(8) child calcium supplements 
What type 
…一—R•… 
24 Hours Recall (1992) 
(please use Chinese to list all food or drinks you take on a typical day, 
describe quantity, use bowl ，glass 杏“^、 ，packet jCX /)�•也 
tablespoon 1% 赵 or teaspoon ；^  fb，big/small piece 冬 
big/small slice 次\ ,J�《务 or give brand name rf^ i � 





Place: Offlcal Use Only 
• FACULTY OF MEDICINE § ^^ ^ ^ ^ ^ 
T H E CHINESE UNIVERSITY OF HONG KONG 醫 學 院 
& T C , CR.OAK.1 • «?INNVPRSITY • TELEX • 50301 CUHK HX SINOVE I
•……— 兒 科 學 系 
_ SPITAL 
SHATIN. N.T.. HONG 
DEPARTMENT OF PAEDIATRICS 
港 新 界 沙 
窗話：〇六三六二八五-
Appendix 4A Consent form for calcium supplementation trial 
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乞z 水 一 （ 簡 後 ） 
^ t f H U ) 参 否 “ f U t 到 A i A m 
一 _ _ _ _ 
i n ^ t t i n 
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IB Consent form for calcium absorption study 
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Appendix 6 Instructions and record form for calcium absorption test 
CALCIUM SUPPLEIdENTAT工ON & ABSORPTION STUDY IN CHILDREN 
CALCIUM ABSORPTION TEST (Ca-44 & Ca-42) 
STUDY PROTOCOL 
TIMING THE TESTS 
36 children in 
the study will 
the start & at 
PREPARATION FOE 
For EACH test v 
6 sub-groups of 七he calcium absorption par七 of 
e Ca absorption tests during Ca-44 & Ca-42 at 
month of the study (2 occasions)• 
THE TEST 
ou will require 
1 clean plastic disposable cup 
ml. The cup must be clean & no 
‘ 
1 wash bottle containing fresh 
used to rinse out the drinking 
this 
following 
which will hold at least 20C 
t be contaminated by chemicals. 
water. This will- be 
It must be only used for 
Ca-42 for injection, 1 x 5 
— injection, 1 x 5 ml syringe, 
syringe plug, 1 butterfly, alcohol swabs. 
Telfon or polyethylene plastic) tie of 
Ca-
in jection. 
alcohol, cotton swap, marker 
to 3-4 decimal place-
tillage of milk, cow's milk, 
curd jam & Ciiinese tea leaf. 
child & parents 
test. Tell the child MUST NOT 
he/she comes. Stress to him /her 
not to eat anything. 
days 
water) 
it is for him/her 
to buy liquid cow's milk (or UHT milk or powdered 
milk supplied from Hong Kong) . lOOg for each subject-
some fresh deionised water and place it in the wash 
reserved for drinking. Check that the clean cups & a 
THE ORAL CALCIUM-44 ADMINISTRATION 
The oral calcium-44 can be given preceding 
injection of calcium-42. In this study 
dose (Ca-44) preceding the i.v. dose (Ca-42) 
of __ y of the study, mark the 工/D numbers or name 
subjects" on the clean plastic drinking cups, weigh the 
drinking cups on the 2-3 decimal point balance. Record the 
weight on the form. Carefully weigh out lOOg of cow's milk in 
of the balance. Try to get as close to lOOg as 
weight of milk. 
polyethylrene bottle containing 
solution. Record the batch 
bottle 
carefully, do not touch 
bottom-side - up. Add the Ca-44 dose into the milk in the 
drinking cup sitting on top of the balance. Using deionised 
water in the wash bottle reserved for drinking, fill the 
empty empty Ca-44 bottle, replacing the cap and gentle 
shaking it to mix. Pour the water into the drinking cup with 
the dose + milk. Try to ensure that you shake out as much 
water into the cup as you can. Cover the cup with a clean 
cling film. Arrange it on a tray and keep it in a safe place. 
Repeat the above steps according to the required nmober of 
tests, - ’ -
Pour about 2 0ml of the milk that left over (i.e. NOT from the 
drinking cup) into a polyethylene tube, white label. Label 
with the study place (H.K. or China), date & the words "Cow's 
milk for atomic absorption test". Freeze upright. 
Enter the child's details on the Ca absorption form. Record 
the date. Check that he/she has not eaten anything since 
waking. If he/she Has, the test must be postponed to the 
As soon as sitting the child comfortably, give the child the 
milk to drink. Ask her/him to finish it. Rinse out the cup 
with deionised water • Make sure that there is no spillage 
(if there is, mop it up with a pre-weighed tissue and re-weigh 
it immediately, note the weights on the form under 
:he time the milk was finished on the 
If the child fails to finish the drink, re-weigh the cup 
it on the form. 
THE 工NTRA-VENOUS CALCIUM-42 ADMINISTRATION 
-42 can be administered iminediately 
of Ca-42 for injection. 
Mark the empty syringe 
to inject the Ca-42 with either 
The following procedures should be 
sterility is . 
sterile m e d i u m - s i z e d needle (plus filter straw if 
indicated) onto a sterile syringe & draw the content of the 
ampoule into the syringe. Hold the syringe with the needle 
pointing up & push out all the air bubbles without losing any 
ca-42 solution. You may need to tap the side of the syringe. 
Carefully remove the needle & throw away in a sharps bin. 
cap the syringe with a sterile plug. Weigh the filled syringe 
with the cap on the 3-4 decimal place 
weight, on the form. Be careful not to lose any of 
solution. If you do, you should re-weigh the syringe.. Fill 
5 ml syringe with saline .for injection 
conditions ar€ 
Hand the two syringe to 
With the child lying down 
swab the child's arm with 
butterfly into the antecubital vein. She will 
ca-42 solution slowly into the butterfly, 
the syringe with saline to rinse out any Ca-
butterfly. weigh the emptied syringe with Ca-
after injection on a 3-4 decimal place 
that there 
The test is now complete 
be conducted (anthropomety, 
child 
urine & tell them that 
to 
of 
of the study day can 
assessment, etc.). 
how to collect her/his 
will start tomorrow i.e. 
7• injection of Ca-
will be O.K.) for at 
He/she should, therefore, 
hours and then receive 
he/she eats the breakfasi 
THE STANDARD BREAKFAST 
After TWO hours the children are offered :. 
sliced) 2 slices of white 
lOg of soft 
15g of lemon curd 
200ml of Chinese 
It is to child whether he/she finish 
The urine 
URINE COLLECTION 
will start 2 4-hour (No earlier, if 
it a little later) after the milk was drunk. If 
the study is in Hong Kong, arrange with the parents where you 
will meet them to start the collection. When the collection 
<aTnn^ -v~hTs/lier bladder at 
to cQl-lect that urine. But to 
until 内 +-T next dav —_ 
。•太& markers in i： 
procollagen propeptides fragments) 
known volume is essential. If the i urine 
Then ask the subject to start 
of bone turnover 





CALCIUM SUPPLEMENTATION & ABSORPTION STUDY IN CHILDMIN 
CALCIUM ABSORPTION TEST (Ca-44 & Ca-42) 
Child's 
Child' 






Weight of cup only 
S a ^ o � 二 ： . c a - 4 4 + D e i o n i s e . w a t e r 
S f o f the milk drink (and water rinse) f-xshed 
Did the child finish his/her laxlk drxnk rinse) 





Injection performed by — 
Test prepared by 
1 of syringe. + solution . , 
Wt. of syringe + cap after xn^action 
Time of the injection made 
Time of the standard breakfast taken 
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Requirements of calcium: are there ethnic differences?* 
WarrenTak -keung Lee , BSc (HumNut r ) (Dublin), MPhil (CUHK), PhD Candidate 
(CUHK), S R D (UK) 
Research Dietitian, Growth and Nutrition Research Team, Department of Paediatrics, The Chinese 
University of Hong Kong, Prince of Wales Hospital, Shatin, Hong Kong. 
Calcium is an essential dietary element to maintain the integrity of the skeleton. A higher peak adult 
bone mass has been shown to reduce the risk of osteoporotic fractures later in life. It is postulated 
that a lifelong higher calcium intake would reduce bone loss in advancing age. Available scientific 
evidence seems to indicate that within any ethnic group, calcium intake is positively associated with 
bone mass. Controlled calcium supplementation trials in both low and high dietary calcium intake 
children and adolescents showed that there is an association between calcium intake and gains in 
bone mass. Furthermore, studies in adolescents showed that genetic inheritance and skeletal 
I hormonal changes at puberty have great influences on bone mass increments in 
„alcium intake. Interestingly, across-cultural comparisons are not convincing enough to 
aemonsiraie that lower calcium intake would predispose to higher risk of osteoporosis. It implies 
that the genetic inheritance and complex environmental factors may be important modulators on 
bone mass achievement in addition to calcium intake within any ethnic group. There are pitfalls in 
the current Recommended Dietary Allowances (RDAs) for calcium which are usually based on 
clinical studies conducted in Caucasians with higher calcium intakes and the extent of nutritional 
adaptation to low calcium intake is ignored. Given the fact that there are ethnic differences in 
calcium absorption, dietary habits, bone metabolism, physical activity and skeletal« 
body build, the requirements of calcium in Asians may be different from Caucasians. 
nation should establish its own RDA based on the ethnic make-up of its populatic 
countries the major sources of calcium are derived from vegetable types of foods, fish and shell fish 
with edible bones，fins and shells, etc. Recent absorption studies in humans with low-oxalate and 
low-phytate vegetables and pulses also showed that contrary to common presuppositions, these 
vegetables with low calcium chelators do have a comparable calcium absorbability to milk. Studies 
on bioavailability of calcium from Asian foods and diets are warranted in order to identify nch 
sources of calcium. 
Introduction 
The rising incidence of osteoporotic fractures is be -
coming a global public health problem. Currently, 
medical therapies fo r osteoporosis only help to retard the 
rate of bone loss but cannot help to regain the bone that is 
lost. The achievement of a higher bone mass by increas-
ing calcium intake throughout life is considered to be a 
better preventive measure to prevent the risk of develop-
• l i f e H o w e v e r , there is no 
cultures to support the 
a lower risk of developing osteoporotic 
Over 99% of body calcium is stored in the skeleton in the 
form of calcium phosphate. Body calcium salts form an 
architectural f ramework to maintain skeletal integrity， 
less than 1% of calcium is in an ionized form or bound to, 
fluid， 
actively involved in vital biochemical processes namely, 
cell membrane permeabili ty, nerve conduction, cardiac 
and muscle contraction and blood coagulation^. If there 
is a chronic insufficiency of calcium intake, calcium will 
be resorbed f rom the skeleton, a calcium reservoir, into 
the extracelluar fluid to maintain its concentration such 
that the vital processes can be maintained^，^. 
Bone is a dynamic tissue inside which there is a 
continuous process of bone turnover characterized by 
ongoing bone formation coupled with resorption. During 
the years of growth bone formation exceeds resorption, 
； f rom 30g at birth to 
. resul t I 
；of skeletal calcium i 
di f ferent stages of l ife. During the first six months of l i fe , 
the daily calcium accretion in the skeleton is rapid at 
Correspondence address: Warren Tak-keung Lee, Department 
，Faculty of Medicine, The Chinese University of 
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by the Danish Dairy 
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150-200mg/d, with less influx in mid-childhood years 
(75-lOOmg/d)，and up to 400mg/d during puberty growth 
terminate 
I of linear growth, consolidation of bone 
mass continues until ‘peak bone mass' is achieved in the 
second decade to the third decade of life^; however, the 
timing is varied in different ethnic groups 8,9’�.Genetic 
inheritance accounts for 70-80% of the attainment in 
peak bone massiU2,i3，whereas body buildi、” inclu-
ding lean body mass^®"^ ;^ physical activity 
intake including calcium^^ "^ ,^ protein' 
phorus26,29 and sodium歸；smoking^ 2,33 n^d 
consumption-''^'^, etc are modifiable environmental 
factors that may determine the remaining 20-30% 
ation in peak bone mass. The amount of peak bone mass 
varies in different ethnic groups at skeletal maturity too. 
Black Africans have a relatively higher amount of bone 
with Caucasians^ *^^ ,^ whereas there is 
‘have a relatively lower 
[with Caucasians39，despite 
the fact that Oriental people were often reported to have 
lifetime lower bone mass and body frame than Cau-
)-42 
incidence of fractures in Oriental 
jorted much lower than Caucasian 
0 who have relatively higher bone mass. A recent 
cross-sectional study-^ in over 840 women at aged 35-75 
years from 5 rural counties of Mainland China where 
mean calcium intakes varied from 230-720mg/d showed 
that nearly all the study women over the age of 50 had 
bone mass less than the fracture threshold point which is 
specifically for the U.S. Caucasian women^^ However, a 
majority of these Chinese subjects had not experienced 
any signs of osteoporosis or episodes of osteoporotic 
fractures in their life. Less than 4% of the study women 
reported incidents of fractures in their life. This fracture 
rate is much lower than those reported in Caucasian 
p o p u l a t i o n s 从 4 5 j h e low fracture incidence in this 
investigation was consistent with those 一 r - � 
Chinese populations of Hong Kong and Singapore"^ 
postulated that other risk factors besides.bone mass anc 
body frame, such as hereditary factors, dietary constitu 
ents, physical activity and the risk of fall may be 
important to explain the difference in prevalence -
fracture. Oriental people usually \ 
frame and skeletal mass than Caucasians 
t less mechanical stress, hen 
r Oriental women 
weight when compared with 
拟“山丄“ . ’ studies have shown that racial difference 
rbone density disappeared after confounding factors of 
body weight and height were controlled in comparing 
ethnic differences in bone density9’始. 
It is a universal phenomenon that bone mass after 
reaching the peak gradually declines when the process of 
bone degradation predominates in older age. Although 
the loss of bone mass occurs both in men and women with 
advancing age, the rate of decline in women is greater 
due to accelerated bone loss after menopause as a result 
of deficient in production of estrogen which is a major 
protective factor to maintain positive bone turnover 
一，The phenomenon of age-related bone loss 
.wi th several factors: an i“-
by estrogen defi-
ciency47，age-related decline in intestinal calcium 
absorption48’49，and a fall in the hydroxylation of 1,25-
dihydroxyvitamin D3 in the elderly due to age-related fall 
in renal function^®. However, other workers reported 
normal 1,25-dihydroxyvitamin D3 level in the elderly , 
including elderly Chinese women^^ Osteoporotic 
fractures may occur in individuals when bone mass falls 
below a certain threshold lever",^,-^. Adults with 
average bone mass less than the population mean in 
which he/she belongs to during skeletal maturity may be 
a higher risk of osteoporosis later in life^'^'^^ Hu and 
__ workers, however, showed that the fracture threshold 
level for Chinese women二 may be lower than women in 
western countries'^ '^^'^. Osteoporosis in men in general 
frequently over 
Calcium intakes and requirements 
Many nations recommend specific amounts of calcium as 
reference intakes for the normal healthy populations. 
Recommended Dietary Allowance (RD A) of calcium is 
the quantity of calcium to be consumed on a regular basis 
for the maintenance of health and the prevention of 
calcium deficiency diseases, the RDA should also take 
into account the known environmental dietary and 
morbidity characteristics of the nation concerned. Thus, 
caution should be taken to apply RDA from one 
particular ethnic group to another. Furthermore, the 
scientific basis which national RDA figures are based, 
should be carefully scrutinized. For example, the U.S. 
RDA for calcium has been traditionally set at two 
standard deviations above the mean requirements which 
aims at providing a wide margin of safety above the needs 
for the majority of the population in the U.S.56. It is 
believed that an ample food supply in the U.S. should be 
able to meet the escalated requirements without diffi-
culty^7 Consequently, the levels of RDA for calcium in 
the U.S. may be inflated and may not necessarily indicate 
the actual mean requirements of the population. In the 
U.S., there is also a suggestion to further increase the 
current calcium RDA (800mg/d) by about 50% during 
adulthood as a prophylactic means to reduce the risk of 
developing osteoporosis^ 
Calcium intakes of the world populations vary a great 
deal. In countries with dairy farming, average calcium 
intake may be as high as lOOOmg/d or even higher, 
whereas in communities where animal milks are not 
available or not traditionally consumed, habitual calcium 
intakes are often below the recommended amounts of 
500mg/d讯59. Ironically, epidemiological data have 
shown that the incidence of osteoporosis is lower in some 
regions of the world where milk is not customarily 
consumed and therefore calcium intake is l o w ^ ' 胡 N O 
convincing data have shown that populations subsisting 
on habitual lower calcium diets would hamper the 
general health and bone growth62-65，except individual 
cases of rickets occurring in African children associated 
with lifelong extremely low calcium intakes®^ ,67. 
Calcium requirements in adulthood 
The RDA for calcium varies from 400mg/cP to 800mg/ 
.d胡.Calcium requirements in adults are determined by 
the amount of calcium needed to promote consolidation 
REQUIREMENTS OF CALCIUM: ARE THERE ETHNIC DIFFERENCES? 185 
of the skeleton after cessation of linear growth, and to 
compensate for obligatory losses in the intestine, kidney 
and skin. 
Early studies in adults accustomed to low calcium diets 
calcium intake by enhancing intestinal calcium absorp-
tion and reducing urinary calcium excretion^^"^^ The 
success of adaptation is mediated by increased serum 
level of parathyroid hormone and vitamin D to facilitate 
calcium in the i n t e s t i n e ^ ? � , ? � ^ n d to 
urinary calcium excretion��,69,74 
When subjects accustomed to daily calcium diet of about 
lOOOmg, a sudden reduction of calcium intake by half 
would lead to negative balance, although full adaptation 
occurred with positive calcium retention several months 
，very few current calcium RD As are based 
studies in populations with lifelong low 
calcium intakes^®. 
In western societies, the estimates of calcium require-
ments are based on balance studies of higher calcium 
intake individuals^^. These estimations do not address 
ability of the body to adapt various levels of calcium 
In fact, the amount of calcium required to 
I positive balance depends on previous calcium 
and a high habitual calcium intake requires 
higher requirement of calcium to maintain positive 
balance75,76.—Due to this adaptive response, calcium 
requirements cannot be simply determined by estimating 
positive calcium balance at various levels of intakes over 
a relatively short period of time unless the period of the 
balance study is sufficiently prolonged such that full 
adaptation can be assured. Therefore, 
calcium requirements based on a sudden 
St 
，with an ad\ 
in the technique 
calcium requirements can be determined 
from infancy to elderly with 
the shortcomings incurred 
studies??” 
Furthermore, calcium requirements 
by dietary factors: a habitually higher calcium diet 
renders a lower calcium absorption and vice versa . 
Certain amino acids and complex sugars are known 
5 calcium absorption, whereas chelators such as 
acid and phytic acid, dietary fibres, and un-
…二 phosphates may inhibit calcium bio-
availability in the gut^^ In addition, high intakes of 
protein and sodium are proven to induce a higher urinary 
calcium lossso气 In affluent societies a greater allowance 
for calcium intakes is recommended because of the high 
consumption of animal protein and sodium. In summary, 
determinants of calcium retention are multifactorial 
with a complex interaction between genetic 
other lifestyle factors. As a result, cautio 
exercised when adopting recommendations which 
based on specific ethnic populations with 
cultures and lifestyles. 
Calcium requirements 
The calcium RDAs for children around the world vary 
from 400mg/d to lOOOmg/d59 reflecting that there is 一 
. e x p e r t 
optimum calcium requirements for children. In children 
and adolescents, calcium requirements are mainly deter-
mined by two major factors, namely the rate of calcium 
absorption and the daily skeletal calcium accretion^, 2. 
The U.S. RDA assumes that calcium absorption in 
Caucasian children is less than 40%^®. Furthermore, two 
recent absorption studies in Caucasian adolescents 
demonstrated that calcium absorption of adolescents is 
no different from their adults (less than In 
contrast, our recent study in Chinese children, those with 
a usual calcium intake of 300mg/d showed a rate of true 
absorption to be 63%, whereas that of children with 
habitual calcium intake at 860mg/d was less at 55%®^ 
The results agree with earlier balance studies in low 
calcium intake Indian and Sri Lankin children that 
children could adapt to calcium intake at around 300mg/d 
and were able to maintain positive calcium r p t … 
tion74,86. The net calcium absorption 
children subsisting on a diet as low 
reach about 50%, and the urinary calcium 
minimai74，祐.-j^gse absorption studies suggest that there 
may be an ethnic difference in calcium absorption. The 
capability of enhancing calcium absorptive efficiency in 
some ethnic populations may be inherited from their 
ancestors who might have adapted successfully to low 
calcium diets for many generations. 
An estimation of daily calcium increments in the 
skeleton is another key factor in evaluating calcium 
requirements in growing children; There is evidence to 
support that there are ethnic differences in bone mineral 
• L children and adolescents^^. Several expert 
devised calcium RDA for children based 
predictive values of daily skeletal calcium 
increments using the anthropometric data of British 
children and adolescents in the early 1990s^. One of the 
major pitfalls in this s tud/ is an assumption that calcium 
increments in the skeleton at different ages are pro-
portional to the increase in body weight during growth, 
these data may no longer be valid. In addition, these 
calculated values also relied on an estimation of skeletal 
calcium content derived from a limited number of young 
individuals at post-mortem. Given the fact that the 
skeletal size of Chinese is in general smaller than 
Caucasians兄，it follows that the annual deposition of 
calcium in the skeleton during growth in the Chinese 
children and adolescents would also be lower in com-
parison. As a result, the daily bone mineral accretion rate 
in Chinese children may be less than the Caucasian 
children and adolescents. Therefore, the values derived 
from Caucasians may not be applicable to Chinese 
populations. As a result, enhanced rates of calcium 
absorption together with seemingly less daily bone 
mineral accretion in the Chinese children, the require-
ments of calcium for Chinese children may be lower than 





pre-pubertal children conducted in 
LEE 
China65 ^nd the USA^^ together showed that pre-
pubertal children with either high or low baseline calcium 
intakes had additional gains in bone mass after receiving 
supplemental calcium. However, Johnston and co-
workers^^ could not find any significant effect of calcium 
supplementation on the difference in gain of bone 
density among 23 pairs of pubertal or post-pubertal twin 
children. The authors commented that a larger sample 
size was required to test the effect of supplementation, or 
the results might imply that hormonal changes during 
sexual maturity in adolescents override the benefits of 
calcium supplementation on bone mass increase. Never-
theless, a more recent 18-month calcium supplement-
ation study in 94 Caucasian adolescent girls confirms the 
effect of calcium supplementation on total bone acqui-
sition in healthy adolescent girls:*. 
It is interesting to note that cross culturally, bone mass 
differs between different ethnic groups even if calcium 
intake and lifestyles are similar^^-^^. The acquisition of 
bone mineral accelerates dramatically due to increased 
production of sex hormones during the progression of 
puberty until sexual maturity is r e a c h e d 
Gilsanz36 studied the influence of hormonal and heredit-
ary factors on bone mineral accretions in black and white 
adolescent girls. The spinal bone mass of prepubertal 
black girls and white girls were not different significantly; 
however, at the onset of puberty, black girls increased 
bone mass by 34%，whereas white girls only increased by 
11%. This observation provides strong evidence of 
inheritability in modulating bone mass acquisition. The 
authors speculated that differences in the production of 
estrogen and other hormones as well as the differences in 
sensitivity of the bone to these hormones between black 
and white adolescents may explain for this discrepancy. 
Ethnic differences in bone mass are not confined to black 
and white populations. Garn^® found that Chinese and 
Japanese had significantly less cortical bone mass than 
Caucasians. Polynesians with similar or even lower 
calcium diets have higher bone mass than New Zealand 
Caucasians^: 
The results of controlled intervention studies in child-
ren and adolescents so far seem to indicate that within a 
particular ethnic group, increasing calcium intake tends 
to increase bone mass in children^^'^^ and adolescents^^. 
Significant correlations between habitual calcium intakes 
and bone density are also found in adults of the same 
ethnicity^.89,卯,94. However, a positive association 
between calcium intake and bone mass is not usually seen 
in cross-cultural comparisons的,96. As it has be^n Hk-
cussed previously, there are ethnic differences , 
size, peak bone mass achievement, sensitivity of bone to 
hormonal changes at sexual maturity,- efficiency of 
calcium absorption, dietary intake and physical activity; 
therefore, the derivation of calcium RDA based on one 
ethnic group, predominantly Caucasians, may not apply 
to other ethnic populations. 
Available evidence gathered so far appears to indicate 
that the optimum requirements of calcium in order to 
achieve optimum bone mass may vary from ethnic group 
to ethnic group depending on the systemic controls on 
calcium metabolism and the environmental conditions i 
which the individuals adapt. As a result, the calci" 
RDAs for Asian populations, who have lower calci 
intake due to lower animal milk consumption, may 
be as high a 
societies. Pron 
se recommended in the 
of milk consumption i 
which people do not traditionally or customarily con-
sume milk may have a significant impact on food culture, 
agricultural practice and health status. More import-
antly, taking higher doses of calcium supplements above 
the RDAs to prevent osteoporosis may interfere iron and 
zinc absorptionsioi’io2，and may predispose to the risk of 
developing urolithiasis阳.More research is needed in 
the eastern world to determine the optimum calcium 
requirements. 
Bioavailability of calcium from milk and plant foods 
It is indisputable that milk and milk products are rich 
sources of calcium, the absence of calcium chelators such 
as oxalate and phytate in milk renders its calcium more 
nutrition 
poorly 
r vegetables and phytate : 
and pulses may form insoluble compounds with calcium 
which are unavailable for absorption⑴彳“。：八 recent 
clinical study in humans^®^ shows that calcium absorption 
in low-oxalate and high-calcium dark green leafy vege-
tables belonging to the family of Brassica is comparable 
to milk. Kale, broccoli, mustard green, Chinese kale and 
dark green Chinese cabbage are examples in that family. 
In addition, another recent absorption study in humans 
also showed that calcium absorption from low-phytate 
content soy bean and products compares favourably with 
milk 107. T h e results of these recent absorption studies in 
humans confirm that not all plant foods contain calcium 
chelators. Thus, calcium absorption is preserved in a 
wide variety of plant foods low in oxalate and phytate. 
The rates of calcium absorption in some of these foods 
may be comparable with milk. In fact, beans，pulses, 
dark green leafy vegetables，are the main source of 
calcium in the diets of Mainland Chinese. In addition, 
edible seeds, fish with edible bones and fins, soft-bones of 
poultry are potential sources of calcium in the Chinese 
diets, studying their bioavailability would be a worth-
while pursuit. 
Conclusion 
In conclusion local research should be carried out 
the areas of 
attainment and 
modulating factors such as calcium absorption 
and bioavailability of calcium from the traditional diets in 
order to establish a more reliable and practical RDA. In 
a concern for ethnic difference in calcium require-
.a recent Consensus Develop-
Osteoporosis held in Hong Kong, 
April, 1993，which was organized by the American and 
Osteoporosis and Bone 
the National Institute of Arthritis and 
Musculoskeletal and Skin Diseases of the USA. The 
consensus statements consider ethnic difference in 
calcium requirements is an important factor to formulate 
future RDAs for the world populations: ‘ . . . • require-
ments (calcium) may differ in other ethnic groups and 
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may be less in people with lower protein 
small skeletal size. 
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薦的药腊食供應量（R D A S )是根據高转進食白人的臨床研究訂出的，它忽略 
了低药進食營養適應的.程度’是易犯錯族的。事實上，药吸收、腊食習慣、骨 
質代謝、盘育活動和骨路盘積和體液等方面是有種族差異的，亞洲人药的需未 





Double-blind, controlled calcium supplementation and bone 
mineral accretion in children accustomed to a 
low-calcium diet^"^ 
Warre/i TK U e , Sophie SF Leims, Shen-Hu Waui^, Yue-Chu Xiu Wai-Ping Zeng. Joseph Um, 
Stephen J Oppenheimer, and Jack CY Cheng * 
A randomized, double-blind, controlled cal-
dumVupplementat ion trial was conducted for 18 mo to determine 
its effects on bone acquisition and height increment in 162 7-y-
old Chinese children (87 boys and 75 girls) with habitually low 
calcium intakes (280 mg/d). Distal one-third radial bone mineral 
content (BMC), area bone density (BMC/bone width), and height 
were evaluated every 6 mo. Baseline dietary intakes, serum 25-
hydroxycholecalciferol, and physical activity were determined, 
l i e study group received 300 mg Ca/d as calcium carbonate; 
control subjects received placebo tablets. After 18 mo the sludy 
group had significantly greater gains in BMC (丨 6^5% vs 13^97%; 
P = 002) and BMC/bone width (9.45% vs 6.31%； P = 0.0008) 
than the control subjects. The findings confirm a positive effect 
of calcium intake on bone acquisition but no effect on height 
increment. Whether a higher bone mass attained at age 8 - 9 y 
would be maintained and beneficial to future peak bone mass 
requires longitudinal investigation. Further study is warranted to 
determine calcium requirements for Chinese children. Am J 
Clin Nutr 1994;60:744-50. 
K E Y W O R D S Calcium intake, calcium supplementation, 
children, China，bone mineral content, bone density, = 二 
height, single-photon absorptiometry, controlled 
Introduction 
In the past 15 y，several cross-sectional studies (丨-3) and ret-
ro pectWe studies (4, 5) have demonstrated that h丨gher c a l ^ m 
intake in early life is associated with the a u a m m e n t o f h.gher 
peak bone mass at skeletal maturity. Optimization of peak bone 
L s by life-long adequate calcium intake .s recognized as the 
1 s t e L t i v e prophylaxis to reduce the risk of developmg o -二=二二二 
mended dietary a l lowances ( R D A s = 二 二 二 二 
S repeatedly reported at « 3 0 0 
Such low intakes are due to reduced consumption of m.lk or even 
stopping the use of milk after infancy (14). In previous studjes. 
our group reported that the bone mineral content of 5 -y -o ld c h , -
dren was related to the cumulative calcium intakes over the first 
5 y (15) We also showed that preschool children accustomed to 
a calcium intake of 245 mg/d had a radial bone mineral content 
(BMC) 14% less than that of a group with a habitual calcmm 
intake of 540 mg/d (14). To our knowledge there have been no 
longitudinal studies to evaluate the e f f e c t s of calcium .make on 
bone mineral accretion and body height increment m children on 
low-calcium diets. This paper reports a randomized, double-
blind, controlled calcium supplementation trial earned out tor 1» 
mo to determine the effects of calcium on acquisition of bone 
mineral and height of children with habitual calcium intakes 
S u b j e c t s a n d m e t h o d s 
Study sample 
One hundred sixty-three primary schoolchildren (88 boys and 
75 girls) at age 7 y participated in the study. The children were 
selected from four primary-one classes in a primary school in 
Jiangmen City, in the Pearl River delta of Guangdong Province. 
All study children were normal and healthy, and fulfilled the 
selection criteria that they had not suffered from metabohc dis-
eases or had any recent bone fractures known to directly or m-
clireetly affect bone mass. Two classes of children were randomly 
> the study group (/i = 80) and the remaining two 
signed to the control group (n = 83). The study 
i From the Department of Paediatrics, the Centre for Clinical Trials 
and Epidemiology Research, and the Department of Orthopaed.es and 
Traumatology. Faculty of Medicine, The Chinese University ^ H o n g 
Kong. Shatin, Hong Kong: the Department of Nutntion and Food Hy-
giene Sen Yal Sen University of Medical Sciences. Guangzhou; and the 
Jiangmen Epidemic Station, Jiangmen, Guangdong Province^Chma^ 
，lupportcd in part by the Earn^arked Research Grant (CUHK 51/91) 
e Research Grant Council. Hong Kong. � „ � . . 
s reprint requests to WTK Lce^E^partment of 
of the Re; 
American Society for Clinical Nutrition 
SUPPLEMENTATION IN CHINESE CHILDREN 
‘ihe Ethical Sub-Committee of the Faculty of 
,The Chinese University of Hong Kong, and informed 
>；Ctilcium supplementation 
Eighty children (43 boys and 37 girls) received calcium sup-
,1 olements given as a cherry-flavored chewable calcium carbonate 
i: tablet (Turns-Ex; Sinithkline Beecham, Weybridge, Surrey, UK). 
�Each tablet contained 300 mg elemental calcium. Eighly-three 
f children (45 boys and 38 girls) received placebo, which.was a 
calcium-free sucrose tablet of similar color, shape, and taste, and 
was made by the same manufacturer. To ensure better compli-
！如ce throughout the trial period, calcium supplements and pla-
cebo (ablets were dispensed to each subject daily in the class by 
(he same teacher. Each child look one tablet immediately after 
1 school breakfast on a 6-d/wk basis. During vacations, appropriate 
numbers of tablets were also distributed to the families to be 
,given to each child at home. Compliance was assessed by the 
,teacher who made a daily record of any children who did not 
I lake tablets or were absent from class. The teachers and subjects 
were blinded to the design of the study. The children were re-
minded regularly to maintain usual eating patterns throughout the 
trial. The supplementation trial lasted for 18 mo. 
Estimation of dietary intake 
Baseline dietary intake was assessed by using a 5-d foocl-rec-
ord meihod. The parents recorded food intake for the child in a 
food diary. The description and reporting of serving size and 
frequency of food intake were explained lo the parents with the 
aid of food portions and common household measures before the 
trial. After school, the children reported to ihe parents what 
snacks and beverages they had eaten ai school. A home visit was 
arranged for every subject to resolve any problem lhat arose dur-
ing the food-record period. The importance of maintaining usual 
dietary intake during the 5-d period was emphasized to the chil-
dren and parents. The details of the dietary method were de-
scribed and critically, reviewed elsewhere (16). Nument mtake 
was computed by using the Chinese food-composition table (17). 
^^ Weight and height measurement 
Weight and height were measured on the day of bone mineral 
‘measurement. Children, wearing underclothes, 
1 a beam balance (model TGT-100; Lichepai. Guangdong. China). 
烹 Standing height was measured in subjects without shoes with a 
stadiomeier(KG Stadiometer. National Sports Research Institute 
Beijing. China). Weight and height measurements were repeated 
every 6 mo during ihe 18-nio trial. 
every 6 mo. Irradiation to the forearm from the duplicate scans 
is very low, with a maximuni surface dose of 40 uSv. Every 6 
mo the instrument was carried from Hong Kong to Jiangmen to 
perform bone mineral measurement. The absorptiomeier was cal-
ibrated every day against a reference phantom. Bone mineral 
measurement was performed by the same observers throughout 
the trial. In our research group, precis 
without repositioning of the subjects 
BMC and BW, respectively, throughout the study, iniiawm：,：,^ !^-
relations between scans with subjects repositioning for BMC and 
… A … A nr»A, respectively (15). 
I positive effect on the 
lass in children and ad-
width (BW) at the one-third distal point be-
the tip of the olecranon of the 
midshaft radius) of the nondominant! 
were evaluated by single-photon absorptiometry (SPA) < ^ • -
by using (he Norland 2780 bone absorpliomeier (Nor and Corp, 
Fort Atkinson, Wl). The mlio BMC/BW is an area density 
rived by dividing BMC by BW. The detailed measurement p ^ 
cedurcs and limitaiions of the technique were reported prev.ou ly 
M < im T^.. were performed and an average value 
^ . with 
(200 mCi), which has 
Assessment of physical activity 
Physical activity is associated with ； 
maintenance and development of bone i 
descents (20，21). Therefore, in the present study the number of 
hours lhat each child spent on daily physical activity was eval-
uated by using a prospective 3-d activity record adapted from 
Bouchard et al (22). A 3-d record is considered to be the mini-
mum period to obtain an average representation of activity of any 
individual (23). The study children went 
through Saturday. In lnc -»-u ^^…，“ « •>-’ 
a physical education lesson had to be included on one of the 
lool days，whereas the third day had to be a weekend day. 
In the activity diary, a day's record was divided into 96 periods 
of 15 min each. Physical activities were categorized into a seven-
grade scale with respect to the intensity of activity as modified 
from Bouchard et al (22). The importance of maintaining usual 
lifestyle and activity during the study period was emphasized. 
Children and parents worked together to fill in the diary. The 
parent recorded the child's activities in the diary in hourly inter-
vals when the child was awake. The children recalled their activ-
ities in school with the aid of the class time table. A categorical 
number (scale of 1 to 7) was entered into the form corresponding 
to the dominant type of activity for every 15-min interval. The 
total number of hours the child participated in the categorized 
activities rated 4 - 7 were averaged over the 3-d period. 
Evaluation of serum 25-hydroxycholecalciferol concentration 
At the start of the trial (in the winter month of December), the 
serum concentration of 25-hydroxycholecalciferol �25(OH)D3� 
I 18 children randomly selected from the cohort 
by using a competitive protein assay, as described previously 
(24). Two milliliters of venous blood was drawn from the ante-
cubital vein and the serum was separated. 25(OH)D3 was ex-
tracted from the serum by using acetonitrile and then separated 
with a SepPak C-18 cartridge (Waters Associates, Milford, MA). 
The extract was then analyzed by competitive protein-binding 
assay with a commercial kit (Amersham, Little Chalfont, UK). 
Statistical analysis 
Descriptive statistics (Jand SD) were determined for all vari-
ables. Comparisons of group mean differences in serum 
25(OH)D, concentration, and in percentage increases in BMC’ 
BW, BMC/BW, weight, and height were tested by using the 
Marin-Whiiney U test for reasons of either small sample number 
or nonnormal distributions of the data, 
pared by two-tailed Student's t test. The significance 1 
- - S t a t i s t i c a l analysis was per-
,(SPSS Inc. Chicago). 
FIG 1. Comparison of perce 
BMC), area bone mineral den 
veen the study group (H, /i 
Mann-Whitney U test. 
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BMC/BW Height 
ntage increases in bone mineral content 
sity {BMC/bone width), and height be-
= 8 3 ) 
SEM. Gro 
h/d. There was no signiHcant difference in physical activity be-
tween the study and control groups (Table 1), and boys were 
found to be relatively more active than girls (P = 0.039; Ta-
ble 2). 
The serum 25(OH)D, concentration of the 18 randomly se-
lected study children was 31.05 士 7.37 ^/g/L. Serum 25(OH)D.， 
concentrations of the study and control groups were 30.58 ± 6.14 
/ig/L (n = 6) and 31.28 ± 8 . 1 6 //g/L (n = 12), respectively. There 
was no significant difference in serum 25(OH)D, concentration 
between the study and control groups. The mean serum 
25(OH)D�concentration of the 18 children wa.s threefold greater 
than the diagnostic biochemical index for vitamin D deficiency 
of 10 /ig/L (25). Hence, the vitamin D nutritional status of the 
children in the current study was adequate. 
Comparison of baseline characteristics of boys and girls i 
There was only one drop-out from the trial, 
study group withdrew within the first 6 mo because of an illness 
) the use of calcium supplement. A few cohort chil-
t times when they were sick, were 
r failed to finish the tablets given for long 
[Tipliance remained 
throughout the trial. Mean esUmated compliance， 
compliance rates were not significantly different 1 
study and control groups. 
The dietary calcium intake o f the cohort children was 279 
± 100 mg/d ( J ± SD). The baseline characteristics of the study 
and control groups did not differ significantly (Table 1). There 
were no significant differences with respect to baseline dietary 
intakes, weight, height, or BMC/BW between boys and girls (Ta-
ble 2). However，baseline B M C and BWs of boys， 
than those of girls (P = 0.013 and < 0 
One hundred forty-one records of physical activity , 
pleted; 115 records were accepted and the rest were rejected be-
cause of incomplete recording. The average number of hours that 
1 level 4 - 7 physical activities was 2.75 
















Physical activity <h广 2.53 ; 
r± SD. BMC, bone mineral c 
* Significantly different from boys (two-tailed Student's 
compie(ed.a 3-d record of pliysical activity). 
SUPPLEMENTATION IN CHINESE CHILDREN 
bone mineral acquisition and weight and 
；lifight accretions in the study and control groups after 18 mo of 
igypplementation. After 18 mo, the study group had significantly 
midshaft radial B M C (16.51% vs 13.97%; P 
. >.45% vs 6.31%; P = 0.0008) when 
with the control group. Thus, the increments of these 
two bone measures in the study group were, respectively 
ami 50% greater than those of the control subjects 
I there were no differences in increments of B W • 
ileiween the study and c � - — � � ， 
ifeows the percentage increments of BMC, BMC/BW, and height 
for every 6 mo throughout the trial period. The gain in BMC of 
the study group appeared to be significantly higher than that of 
the control subjects by the 12th mo (12.0% vs 10.1 %’ P = 0.035), 
difference continued to the 18th mo (P = 0.02). The 
:/BW of the study group exceeded that 
i subjects by the 6th mo (3.07% vs 2.02%, P 
remained significantly higher by the 12th mo 
0092) and the 丨8th mo (P = 0.0008). 
fhere was no significant difference in height increment between 
j 曲e study and control groups throughout the trial. The children 
J _ere further grouped according to sex to see the effects of sup-
liiementation on bone mineral acquisition and weight and height 
^Lcretions between the calcium-supplemented and placebo-
t i t a t e d children of the same sex. T a b l e 4 shows that the acqui-
j i t ion of bone, weight, and height after the trial were similar in 
I p i s c i 
control groups, by s 
’ and height of the study and 
5 of the trial' 
Study group 







_ the current 
ipplemeniation trial i—— 
^abiwal diets with as little calcium as 280 mg/d. The study group 
in the present trial received « 3 0 0 mg supplemental calcium/d 
for 18 mo. The calcium-supplemented children were found to 
%ave additional gains in radial B M C (2.54%) and BMC/BW 
43.14%) relative to the control subjects at the end of the trial. The 
�ddit ional increments in radial B M C and BMC/BW in the study 
group were, respectively. 18.2% and 50% greater than i 
、！he placebo group. The findings of the trial confirmed a 
^ f f c c l of calcium i 
！calcium intake per 
I The compliance 
iwhen compared with other studies 
Height 
u significantly different from study group (Mann-Whitney i 
Significantly different from study group (Mann-Whitney I 
=0.02. = 0.0008. 
took tablets at home (26’ 27). The high compliance rate achieved 
in the present study ( � 9 0 % ) might be attributed to the way tab-
lets were administered. The tablets were distributed to the chil-
dren immediately after school breakfast daily in a classroom set-
children regarded taking tablets as part of the daily 
the administration of tablets to children 
_ help to maintain consistent compliance 
throughout the trial. The senim concentration of 25(OH)D3 in the 
18 randomly selected children was found to be within normal 
limits, even in the winter season. Jiangmen is in southern China, 
which has a subtropical climate with an abundance of sunshine 
throughout the year. Children in the present study went outdoors 
regularly each day. Hence, the study children should have ob-
tained most of their vitamin D by exposure to the sun. There was 
also no evidence of vitamin D deficiency in this region (28). 
Therefore, vitamin D nutritional status of the study children in 
the present trial should not be a limiting factor in bone mineral-
ization. Vitamin D nutritional status and daily physical activity 
levels were not statistically different between the study and con-
trol group children; therefore, these two variables should not be 
confounding factors in explaining the variation in bone acquisi-
between the study and control groups. 
Prospective, randomized, double-blind controlled trials have 
definite advantages over cross-sectional studies in testing hy-
potheses. In the present trial, although we could not accurately 
assess actual intake of all the trial participants, we were reason-
ably confident that the study group ingested virtually double the 
amount of calcium given the control group. Thus, we were able 
determine whether a higher calcium intake makes any differ-
ence in bone acquisition and height increment. Confounding vari-
5 weight, height’ BW, dietary intakes, and physical 
ilso controlled in the prospective randomized con-
To our knowledge there have been two properly 
controlled double-blind calcium supplementation trials in chil-
dren (26) and adolescents (27) reported in the literature. Both 
conducted among whites in the United Slates 
of the I 
I -
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r comparable with or even higher than the US RDA (29), 
I (26) conducted a 3-y clinical trial in whi 
；22 pairs of prepubertal twins of mean age 7.4 y. 
After 3 y of supplementation, the calcium-supplemenled group 
gained 5 .1% more of midshaft radial BMC/BW rei; 
placebo group. By comparing the results of our own study with 
the twin study of Johnston et al (26) for the first 18-mo duration, 
the initial forearm BMC/BW of the subjects in the current study 
(0.45 ± 0.03 g/cm^; n = 162) was slightly higher than that of the 
twins (0.42 ± 0.06 n = 44) {P < 0.001) (26, 30). The 
average dietary calcium intake in the study group of the twins 
study (894 mg/d from the diet, 718 mg/d from the supplement) 
throughout the trial period was almost threefold greater than that 
of the present trial ( 2 8 0 mg/d from the diet and 276 mg/d from 
the supplement after correction for compliance rate), 
esting to note that doubling calcium intake by 
mentation for 18 mo resulted in comparable gains in additional 
forearm BMC/BW in both the current trial and the twin study 
(3.14% vs 3,6%). Lloyd et al (27) reported another controlled 
calcium trial comprising 94 12-y-old adolescent females, and 
showed that when the study group with an initial mean calcium 
intake of 1016 mg/d was supplemented with 354 mg Ca/d for 18 
mo, the increments of lumbar spine BMC and 1 
bone mineral density in the study group 
respectively, significantly greater than those of the 
after supplementation. 
Our present investigation and other published controlled trials 
(26，27) support the hypothesis that an increase in calcium intake 
in children and adolescents enhances bone acquisition. However, 
the magnitude of bone acquisition as a result of calcium supple-
5 moderate 
and comparable. Results from these short-duration calcium tria 
indicate that supplements of 300 or 800 mg Ca/d do r 
uch difference in terms of additional increment i 
vitamin D nutritional status of the 
nfirms 
I longitudinal study (15) that bone 
1 children was found to have a moderate correlation with 
n intake, and such a moderate correlation was further re-
5ical activity, and dietary intakes 
1 analysis (15, 31). 
We are not sure how much calcium is enough for Chii 
ntific information. The RDAs 
1 children vary from 400 lo 1000 mg/d (11, 12, 29, 
32) because there is r 
ciency in children subsisting on diets with as little a 
d (11). In children and adolescents c 
mainly estimated by two major factors: the rate of daily skeletal 
calcium accretion and calcium absorptive efficiency (29，32). 
estimation of daily calcium increments in the skeleton is a key 
valuating calcium requirements in growing children, 
vanced techniques of quaiUita山 
, a n d ( 
ish study in the early part of the century; Leitch and Aitken (36) 
estimated daily skeletal calcium increments in children and ad-
olescents. assuming that the percentage of skeletal increnieni of 
calcium was proportional to the increase in body weight during 
1 addition, these estii 
of skeletal calcium content derived from a limited number 
of young individiH« nosrmortem. However, the 
used in this study i 
Ethnic differen 
39, 40). Cortical bone masses of Chine 
lions were found to be significantly lower tha 
(40). Asian children and adolescents have in general s 
frames and skeletal mass than do whites. Less mechanica 
and hence lower bone mass may be required by Asian children 
to support their smaller body weights when compared with 
whites. In fact, studies have shown thai racial differences in bone 
1 after confounding factors of body weight, 
^ 丨f ethnic differences 
2 controlled for ( 4 1 - 4 3 ) . Ethnic differences 
in bone acquisition also manifest in puberty. The bone mineral 
accretion rate accelerates dramatically during the pubertal years 
with the increased production of sex steroids until sexual matur-
丨.Gils . 
lineral accretion in black and white 
It girls- The spinal bone masses of prepubertal black and 
white girls were not significantly different; however, at late pu-
berty, black girls increased their bone mass by 34%, whereas 
white girls increased theirs by only 11%. The ethnic differences 
in the production of sex steroids and bone sensitivity to these 
honnones were suggested by the authors to explain this discrep-
ancy. Such a study provides strong evidence of ethnic effects on 
modulating bone mass acquisition. Given that the skeletal size of 
adult Chinese individuals is in general smaller than that of whites 
(40, 46, 47), it may follow that the annual deposition of calcium 
in the skeleton during growth in Chinese children and adolescents 
would also be lower in comparison. As a result, the amount of 
daily skeletal calcium accretion for growing Chinese children and 
adolescents may be less than for their white counterparts (10). 
Determination of the efficiency of calcium absorption is an-
other key issue in estimating calcium requirements in children. 
The US RDA assumes that calcium absorption in white 
is < 4 0 % (29). In fact, recent absorption stud 
topes have demonstrated that the mean calciu 
of normal white children 
recent calcium absorption study among Chinese 
children (24)，a subsample (/i = 12) of the subjects from the 
current trial, the results showed that the mean fractional true cal-
cium absorption was 63 ± 11% in children subsisting < 
diet with 300 mg Ca/d. The results agreed with < 
studies in Indian and Sri Lankan children with low calcii 
takes that children could adapt lo calcium intakes of -
"n a positive 5(50,51) . 
ro. There is evidence that there 
bone mineral accretion in children and 
35). Several RDA committees (12, 29, 32) rec-
intake for children based c 
The net calcium i 
when habituated lo a diet of 200 mg Ca/d. and the urinary calcium 
100 mg/d (50, 51). During childhood, an in-
r calcium for skeletal accretion may stimulate 
the secretion of parathyroid hormone and the production of 1,25-
dihydroxyviiamin D. Ultimately, 
may be enhanced to compensate for a I 
r calcium excretion i 
live calcium balance for skeletal r 
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«raliza(ion. The calcium absorption studies (24, 4 8 - 5 1 ) cited 
jibove suggest (hat there may be ethnic or adaptive differences in 
calcium absorption. The ability to enhance calcium absorptive 
# efficiency in some ethnic populations may be inherited from their 
‘ancestors, who were able to adapt to low-calcium diets for many 
generations (10). In the present trial, although the mean calcium 
‘intake in the study group children during l 
:approximately one-third of that of the counterparts in the twin 
study (26), the additional bone increments in the present trial 
‘were found to be comparable wiih those of the twin study. Qiven 
thai the study children in the current trial had adequate vitamin 
梦 D status, a higher rate of calcium absorption, and probably a 
lower urinary calcium excretion rate (52, 53), the children might 
adapt by retaining a sufficient amount of calcium in the body for 
bone mineralization. Whether such adaptation permits optimal 
bone mineral deposition requires further study. 
Because hereditary and environmental factors during skeletal 
力 growth seem to act in concert on the variations of future peak 
bone mass, longer-term dose-response calcium trials extending 
from childhood until the early 20s may be required 
benefit of higher calcium intake 
study of the rates of bone mi 
Asian chil-
dren, particularly in children habituated to low-calcium diets, are 
scarce. Therefore, more local research should be carried out 
among indigenous Asian populations to study factors contribut-
ing to peak bone mass. Hereditary factors, hormonal control, and 
modifiable environmental factors, namely, body build (2，21,54), 
lean body mass (42), physical activity (3, 20 ,31) , dietary intake 
[including calcium (3，15’ 26, 27)，protein (43, 55), phosphorus 
(43). and sodium (56)], smoking (7, 57), and alcohol consump-
tion (31, 58), which are known lo account for the variations in 
peak bone mass, have to be considered concomitantly in future 
studies. The derivation 
ethnic group, predominantly white, 
other ethnic groups if there are no direct supporting data from 
(he populations concerned. 
The finding that calcium supplementation had no benefit on 
increment agrees with the two cited calcium supplemen-
trials (26, 27). Studies in the early part of Chis century 
that children and adolescents supplemented with milk 
eases in height (59，60). However, such increases in 
height after milk supplementation could be confounded by the 
fact that milk: is also a rich source of energy and protein for 
growth and development. Clinical studies have shown that linear 
growth of children may be stunted by 3 chronic insufficient intake 
of calcium salts rather than 
whether 
increment 
dig暴ft«暴屬KU暴I ，a篇•••9 暴*• » 
compared with the control subjects. However, calcium intake per 
- • ‘ on height increase. Given that Chinese children 
relatively smaller body stature than whites in 
enhanced calcium absoiptive efficiency f 
that calcium intake 丨 
:ed not be as high i 
:ommenaea in Western countries. Further study is w “ 
detennine calcium requirements for Chinese children. 
s attained at age 8 - 9 y would 
requires a longer-term longi-
dition, whether a higher bone i 
benefit the future peak bone mass r 
tudinai trial for affimialion. 
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True fractional calcium absorption in Chinese children measured 
with stable isotopes (^ C^a and ^^ Ca) 
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True fractional Ca absorption (TFCA) was compared in children with different habitual Ca intakes using 
a double-label stable-isotope technique. Chinese children aged 7 years from Hongkong (n 22) and 
Jiangmen (/t 12) participated in the study. An oral administration of 8 mg ^Ca in 100 g chocolate milk 
was given shortly after an intravenous injection of 0.75 mg ^^Ca. Ca isotopic ratios were determined in 
urine samples collected 24 h later using thermal-ionization mass spectrometry. There 
difference in TFCA between Jiangmen and Hongkong children (P = 016). TFCA of 
(Ca ^ 500 mg/d, n 19) with mean Ca intake 359 mg/d was 631 (SD 10.7)�/�and that of 
I (Ca > 500 mg/d, n 15) with mean Ca intake 862 mg/d was 54.8 (SD 7 3 ) % 
；in TFCA was significant (P = 0.016). Serum levels of 25-hydroxycholecaIciferol of the 
(33.7 (SD 7-7) ng/ml). The present study indicates that growing children 
i low-Ca diet appear to be able to enhance their absorptive capacity, 
dietary Ca absorption by Chinese children resembles their TFCA from a single meal of chocolate milk 
then the recommended dietary allowance (RDA) for Ca for Chinese children would be lower than the US 
RDA (800 mg/d), which is based on an estimated 40% Ca absorption as reported for Caucasian children, 
A comparative absorption study is """"‘ 
Double-label stable-isotope technique 
In China and H o n g k o n g there has been an increasing concern that children with dietary Ca 
intakes below the U S recommended dietary al lowance ( R D A ; National Research Council , 
1989) would have a lower Ca retent ion which migh t result in a reduced peak bone mass 
( M a t k o v i c et al. 1990; Matkovic , 1991，1992; Anderson , 1992). Children in China do not 
usual ly consume milk and have an average Ca in take of about 300 mg/d (Ho, 1988; Lee 
et al. 19936). Habi tua l Ca intakes o f 5-year-old children f r o m Jiangmen, G u a n g d o n g 
Province, China, are below 300 mg/d due to the low consumpt ion of milk and mi lk 
p roduc t s a f t e r 1 year of age (Lee et al. 1993 b). On the other hand, the eating habi ts o f 
減 
Chinese children in Hongkong are more westernized, and the majority of children continue 
to consume milk and milk products through at least 5 years of age, resulting i 
Ca intake of about 600 mg/d (Lee et al. 1993 a). However, there are a: 
children who gradually reduce the amount of milk consumed from age 1 
by 5 years of age their Ca intake is about 300 mg/d (Lee et al. \99la,b). 
no information on Ca absorption in Chinese children with different levels of Ca intake, and 
the capacity of these children to adapt to low Ca intake by increasing their efficiency of 
absorption so as to olitain adequate Ca is not known. 
Although the true fractional Ca absorption (TFCA) in humans can be determined using 
radioisotopes of Ca (DeGrazia et al. 1965; Roth & Werner, 1985), the inherent potential 
；of ionizing radiation limit its use in infants and children. Recently, with the 
；of stable inorganic isotope methodology, a safe and accurate method of 
measuring TFCA in infants and children has been made possible. The use of stable Ca 
isotopes in several recent studies has been shown to be an easy and a safe alternative to 
obtain TFCA data in infants and children under normal and pathological conditions 
(Yergey et al. 1987; Hillman et al. 1988; Miller et al. 1988). 
The present study was designed to examine the hypotheses that children with lower Ca 
intakes can compensate by enhancing TFCA, and that there is a negative relationship 
between habitual Ca intake and absorption in children. This is the first report of the TFCA 
of 7-year-old Chinese children on self-selected diets using a double-label stable-isotope 
technique. 
MATERIALS AND METHODS 
Subjects 
Chinese children aged 7 years from Hongkong {n 22) and from Jiangmen, China {n 12) 
took part in the study. The cities of Hongkong and Jiangmen are close, both being located 
in the geographic region of Guangdong Province in Southern China, and children from 
both cities are ethnic Cantonese. Hongkong children (twelve boys and ten girls) were 
randomly selected from a cohort study of growth and nutrition (Leung & Lui, 1990; Lee 
et al. 1993 a). There is a wide range of Ca intake among Hongkong children depending on 
whether or not milk is included in the diets. Accurate dietary intake records of these twenty-
two Hongkong children had been kept since infancy. Children from Jiangmen in China, on 
the other hand, seidom consume milk after 1 year of age. Average Ca intake of 5-year-old 
Jiangmen children .was found to be below 300 mg/d (Lee et al. 1993 b); therefore, the 
pattern of milk intake among children in Jiangmen is similar to that of children in other 
regions of Southern China (Ho, 1988). Twelve Jiangmen children (six boys and six girls) 
f rom a primary school in Jiangmen were randomly selected for the study. All children 
fulfilled the selection criteria that they were healthy, growing normally and without any 
previous major illness or fractures of bones. 
Weight and height measurement ‘ 
Unclothed weights of children from Hongkong and Jiangmen were measured using a Seca 
electronic scale (Vogel & Halke GmbH, Hamburg, Germany) and a beam balance (Model: 
TGT-100; Lichepai, Guangdong, China) respectively. Standing heights of all children were 
measured' without .shoes using a stadiometer (Technical Services Unit, The Chinese 
University of. Hongkong). 
intake of the Hongkong group 
jfore the absorption test. Food 
a research dietitian (W.T.K.L.) using the 
- T 
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history, and cross-checked with a quantitative food-frequency 
(Burke, 1947; Marr, 1971; Bingham, 1987; Jain, 1989). 
Details of the procedures have been described by Lee et al (1993a). The dietary assessment 
method has been a uniform approach to evaluate food intake of the Hongkong cohort since 
weaning (Leung & Lui, 1990; Lee et al. 1993 a). 
. D i e t a r y assessment of 'Jiangmen children was conducted using a quantitative food-
frequency questionnaire (Lee et al 1993 o) which was similar to the one administered in the 
Hongkong cohort for cross-checking dietary information. The questionnaire was modified 
for use in the Hongkong Chinese population. The food-frequency questionnaire consisted 
of food and beverage items commonly consumed by local Chinese. Non-milk foods such 
as dark-green leafy vegetables, cereals, fish and shell fish, beans and nuts，etc. which had 
been identified as significant sources of Ca among Chinese children (Lee et al. 1993cr) were 
also listed in the questionnaire in addition to milk and milk products. The foods and 
beverages in the questionnaire are expressed in common serving size or natural units. 
Standard household measures like Chinese rice bowls, spoons and Chinese soup spoons, 
glasses, teacups were used to facilitate portion size description. The parent administered the 
questionnaire which was subsequently reviewed by a nutritionist. The parent was requested 
to estimate the frequency in choosing the food items in the questionnaire either per d，per 
week, or per month. 
Nutrient intake was estimated using a computerized food table with food items compiled 
from appropriate sources (Tung et al. 1961; Department of Health, Education & Welfare, 
1972; Church & Church, 1975; Paul & Southgate, 1978; Institute of Health, 1980; Watt & 
Merrill, 1983)，food manufacturers and food chemists. 
Preparation and administration of stable isotopes 
The doses of oral ""Ca and intravenous "^^ Ca required for administration to children were 
estimated according to Yergey et al. (1987) (0-2-0-5 mg “Ca/kg body weight and 
0-02-0-1 mg ^-Ca/kg body weight). Two enriched Ca isotopes: ' ' C a (83-20 atom %) and 
" C a (96.40 atom %) in the form o f C a C O j (Technical and Optical Equipment, Tottenham, 
London) were used as previously described (Fairweather-Tait et al. 1989). The “ C a 
solution was prepared .by dissolving the CaCOg in concentrated HCl (Aristar grade; 
2-5 g CaCOj in 5 ml HCl), adjusting the pH to 4.0 with 1 M-NaOH (Aristar grade) and 
making up the solution with deionized distilled water to a final volume of 316 ml. Each dose 
of approximately 4.3 ml " C a was dispensed into a polyethylene tube, sealed and stored at 
一 20°. The ^-Ca solution for injection was prepared in the similar manner but the final pH 
was adjusted to 6.0 for intravenous injection. Each 2 ml dose was sealed in a glass ampoule 
and autoclaved. Samples underwent routine sterility testing in the pharmacy of the Prince 
of Wales Hospital, Hongkong. The final concentrations of the oral dose of " C a solution 
and intravenous dose of^^Ca solution were 1.83 and 0-359 mg/ml respectively. The exact 
quantities of isotopes given to each subject were precisely weighed with an electronic scale 
accurate to 0 001 mg. , . ' . , 
Following an overnight fast, ' ' C a was administered slowly into the antecubital vein of 
each subject and then flushed with 5 ml normal saline (9 g NaCl/1). "^"Ca was mixed in 100 g 
chocolate milk when the child was being giverrthe injection. The Ca concentration of the 
test meal (100 g chocolate milk) was 120 mg/100 g as determined by atomic absorption 
spectrometry (Nordin, 1976). The ^^Ca-enriched chocolate milk was taken by the subject 
immediately after the injection. The child was not allowed to eat for 2 h after the test. A 
ndard breakfast consisting of one 75 g sponge cake and a pack of fruit juice (250 ml) was 
；sample was collected starting exactly 24 h after the test to 
determine the ratios of isotopes present in the urine. The urine ^  
washed bottle until the volume of urine reached the 500 ml mark. 
Separation and purification of urine samples 
Microwave digestion. The 500 ml urine sample A 
evaporated to approximately 30 ml in volume and then heated slowly to dryness 
polyethylene tube a’ t ,80�. The dehydrated urine sample was stored at - 2 0 ° 
transporting to Norwich for mass spectrometric analysis. The dehydrated urine s 
reconstituted with 15 ml quartz-distilled water and then digested in concentrated HNO3 
(1.5 ml urine to 5 ml HNO3, Aristar grade) to release bound Ca in the organic matrix of 
urine using a microwave oven (CEM Model MD5-2000 Microwave Sample Preparation 
System; CEM Corporation, Matthews, NC, USA). Before microwave digestion the 
mixture of each urine sample and concentrated HNO3 was kept in a digestion vessel 
overnight (to release gases produced on breaking down of organic constituents). Twelve 
vessels of urine samples were loaded into the microwave oven at a time. The process of 
digestion was enhanced by heating the sample in the vessel under controlled pressure. In 
the initial 30 min the urine sample was heated at 80-90 % of power to bring up the pressure 
to 70 Ib/in^; then the pressure of the vessel was gradually increased to 85 Ib/in^ and 
maintained at this level under 100% full power for 1 h. 
Anion-exchange columns. Generation of a stable ionic beam from the Ca sample is of 
paramount importance for an accurate and precise determination of isotopic ratios of Ca 
by thermal-ionization mass spectrometry (Mueller & Walker, 1987; Tackett & Ellefson， 
1987). From a rapid check of the impurities present in the samples using the fast-atom-
bombardment mass spectrometer (FABMS; MS902; Kratos Analytical Instruments, 
Manchester), we found that the most troublesome impurity interfering with the stability 
of the Ca signal was In order to separate and purify the Ca from the digested urine 
two separate sets of anion-exchange-resin columns were used to eliminate inorganic 
contaminants, especially " K . The ion-exchange resin used was Dowex 50 W-hydrogen, 
cross-linking, 100-200 dry mesh resin (Aldrich Chemical Co., Dorset). The ” 
columns was washed with 2 M-HNO3 (Aristar), followed by 0.2 M-HNO3. The 
urine samples were evaporated to dryness, redissoived in 0-2 M-HNO3 and then applied to 
the columns which'were subsequently washed with 0.2 M-HNO3 before eluting the samples 
with 2 M-HNO3. The resin in the second set of columns was washed with 5-5 M - H C I 
(Aristar), followed by quartz-distilled water. The eluates from the previous set of columns 
were evaporated to dryness, redissoived in 0-04 M-HCI before loading into the second set 
of columns. The columns loaded with Ca samples were flushed with quartz-distilled water; 
subsequently, the purified Ca samples were eluted in 1 ml fractions with 1-8 M-HCI. The 
appearance of maximum concentration of Ca was found in the 10th-12th fractions as 
determined by FABMS. Therefore, the Ca fractions were collected after discarding the first 
10 ml of the eluate. The samples were then evaporated to dryness under a 1 kW lamp in a 
laminar flow cabinet in the clean room. 
Thermal-ionization mass spectrometry {TIMS). The isotopic ratios of the enriched urine 
samples were determined by TIMS (THQ; Finnegan-Mat GmbH，Bremen, Germany). 
Each dried sample, was dissolved in 50 {i\ 0-04 M-HCI. A standard solution (CaCU) was 
made by replacing the nitrate ions of a Ca standard solution (CaCNOj),; SpectroSol, BDH, 
Poole, Dorset) with chloride ions using HCl, Aristar grade. Using the double-filament 
technique (Moore, 1984; Heumann, 1988), 5 f A of each sample and a Ca standard were 
adsorbed onto a separate evaporation filament by glowing the filament and the sample to 
dull red before the sample and the standard were loaded into the mass spectrometer. Ca 
縱 - 二 • 嫌 F : : : . 
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masses of 40, 41, 42 and 44 of a stable ion beam generated from the sample were 
sequentially scanned and monitored. The element interferences from and " K were 
corrected by subtracting the ratios from the pooled isotopic ratios. Each sample was 
scanned ten times to obtain a mean and a relative standard deviation (one block of data). 
The final results of and were obtained by determining the mean of five 
blocks of data (fifty scans). The relative standard deviation (RSD) of Ca ratio determination 
in the present study was 0-1-0-3%. 
Calculation of TFCA. The calculation of T F C A (%) was based on the assumption that 
both intravenously and orally administered Ca isotopes were metabolized at the same rate 
once the state of equilibrium was achieved. The percentage absorption from the oral dose 
was determined according to the following equation (Yergey et al. 1987): 
T F C A % ： ^)xA%XS^-^Cax 100 
(na " C a ) (“Ca oral) x A%XS " C a 
where natural abundance of the 
the degree to which a particular ratio differs from the natural 
Measurement of serum concentration of 25-hydroxycholecalciferol (25-OHD) 
Serum concentration of 25-OHD was measured using a competitive protein assay as 
described previously (Woo et al. 1990; Chan et al. 1992) in the Hongkong study children 
before the absorption study (during the autumn month of October). Twenty children 
agreed to have blood taken. Venous blood (2 ml) was drawn and serum was separated and 
stored at - 7 0 ° until analysis. 25-OHD was extracted with acetonitrile and separated using 
a SepPak C-18 cartridge (Waters Associated, Milford. MA，USA). The extract was then 
analysed by competitive-protein-binding assay using a commercial kit (Amersham 
International, Amersham, Bucks.). 
’ 
Statistical methods 
The non-parametric Mann-Whitney U test was used to compare group i 
Ca-intake groups owing to the small sample size and some observed 
. T h e non-parametric Kniskal-Wallis test was used to test the overall 
L baseline dietary intake and body size among three groups of children 
with different Ca intakes. Two-sided significance level was set a t P < 0 05 for test statistics. 
Statistical analysis was performed by SPSS/PC, Version 4.0，SPSS Inc., Chicago, IL, USA. 
The power of the statistics was tested by Power, Version 1.3，1985 (Lavel University, Ste. 
Foy, Quebec, Canada). 
Ethical considerations 
The study protocol was approved by the Ethics Committees of The Faculty of Medicine, 
The Chinese University of Hongkong and the A F R C Institute of Food Research. Informed 
i obtained from all the parents. 
Table 1 shows the comparisons of dietary intake and body size of Hongkong and Jiangmen 
children at 7 years of age. The mean Ca intake of Hongkong children was 693 
(SD 410) mg/d with a wide range of variation (185-1641 mg/d) because the subjects 
included children who consumed milk regularly {n 14) and those who did not drink milk 
W. T. K. LEE AND OTHERS 
,Mean dietary intakes and body size of 7-year-old Hongkong and Jiangmen 
children* 
(Mean values and standard deviations) 
Statistical significance 
Ca (mg/d) 693 
Ca: energy (mg/MJ) 85.3 
P (mg/d) 1002 
Ca:P 0-6 






c 0 0001 
* For details of subjects， 
卞 Mann-Whitney U t 
{n 8). In contrast, the mean Ca intake of Jiangmen children was 381 (SD 103) mg/d with 
a narrow range of 172-552 mg/d. There was only one girl with Ca intake slightly above 
500 mg/d (525 mg/d). Food habits of the Jiangmen group were characterized by low intake 
of milk and milk products, and dark-green leafy vegetables were the principal source of 
Ca. In fact, the low-milk-drinking Hongkong children had low Ca intake (359 
ng/d) comparable with their counterparts in Jiangmen (366 (SD 92) mg/d; P = 
,Children from Hongkong consumed more animal products and snack foods than 
Jiangmen children, e.g. chicken wings, burgers and sugary drinks, etc. Dietary intakes of 
energy {P < 0.0001), P ( P = 0.0017) and protein (P = 0.00049) in Hongkong children were, 
therefore, significantly higher than those of Jiangmen children. Although the Ca intake of 
Hongkong children was higher than that of Jiangmen children {P = 0-0062), Ca intake 
corrected for energy intake (Ca:energy ; mg/MJ) was not different between the two groups 
(P = 0.83). There were no significant differences in weight {P = 0.75) and height {P = 0.87) 
between the Hongkong group and Jiangmen group (Table 1). 
TFCA and Ca intake of children at 7 years old 
TFCA values of twelve Jiangmen children and twenty-two Hongkong children were 63-1 
(SD 11-4) and 57-4 (SD 9-1)% respectively. However, the mean difference in TFCA between 
Jiangmen and Hongkong children was not statistically significant (尸=0.16). If the 
• observed mean and SD for TFCA of the Jiangmen group and Hongkong group reflect the 
population means, the observed statistical power was only 0.45 (with type I error rate (a) 
0.05，two-sided). Therefore, it is possible that the mean TFCA of Jiangmen children may 
be significantly higher than that of Hongkong children if the sample size increases. 
All the study children from both Hongkong and Jiangmen were ethnic Cantonese from 
Southern China and they were of the same age. Although the two dietary assessment 
methods were slightly different, a similar quantitative food-frequency questionnaire with a 
list of milk and non-milk food items identified as the substantial sources of Ca among 
Chinese children was used to estimate Ca intake among all the study children. Both dietary 
assessment methods together revealed that the levels of Ca intake for low-milk-drinking 
. — i g k o n g children were not significantly different (P = 0.93). Thus, the 
the dietary assessment methodology did 
* For details of subjects, s—厂 , … 
t One child from Jiangmen with Ca intake at 550 mg/d ( > 500 mg/d) was excluded from the classification due 
to inadequate sample size. 
Table 3. Mean dietary intake, body size and true fractional calcium absorption {TFCA) o f 7 -
year-old Hongkong and Jiangmen children classified according to calcium intake into groups 
A (Ca ^ 500 mg/d) and B {Ca > 500 mg/d)* 
(Mean values and standard deviations) 
A {n 19) B(/i 15) 
Ca (mg/d) 363 
Energy (KJ/d) 5355 
Ca:energy (mg/MJ) 70-4 











estimation of Ca intake to a great extent. As a result, the study children from both 
Hongkong and Jiangmen may be grouped together in order to compare their TFCA with 
respect to their habitual Ca intakes. Ca intake at 500 mg/d recommended by Food and 
Agriculture Organization/World Health Organization Expert Group (1962) was used as a 
cut-off point to allocate children into group A or B. Table 2 shows the grouping of children 
according to the country of origin and the level of Ca intake. Group A consisted of nineteen 
children (nine boys and ten girls) with a habitual Ca intake ^ 500 mg/d, whereas group B 
consisted of fifteen children (nine boys, six girls) with a habitual Ca intake > 500 mg/d. 
Mean dietary intake, body size and TFCA of groups A and B are given in Table 3. Nutnent 
intakes of regular-milk-drinking children (group B) were significantly higher than those of 
the low-milk-drinking children (group A; Table 3). The differences in nutrient intakes 
between groups A and B may be due to the fact that a majority of the children in group 
B，comprising Hongkong children, consumed more foods rich in energy, protein and P. In 
addition, a higher consumption of milk in group B might also contribute to the difference 
in dietary intake. Fig. 1 shows the distribution of TFCA for the study children in groups 
Hongkong + Jiangmen 
Hongkong + Jiangmen 
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Classification of l-year-old Hongkong and Jiangmen children into ^ 
according to country of origin and calcium intake*， 
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Table 5. Comparisons of mean true fractional calcium absorption {TFCA) of 7-year-old 
Hongkong and Jiangmen children classified according to location and Ca intake into 
groups C {Hongkong, Ca ^ 500 mg/d\ D {Jiangman, Ca ^ 500 mg/d) and E {Hongkong, 
Ca > 500 mg/d) , 
* (Mean values and standard deviations) 
TFCA ( % ) 
Mean so Range 
)jects. 
下CA were compared by Mann-Whitney U t 
group C V. group D, P = 0-93. 
:hild with a Ca intake of 550 mg/d \ 
1. The mean TFCA for group A with a Ca intake < 500 mg/d was 63.1 (so 10.7) % 
which was significantly higher than that of group B with a Ca intake > 500 mg/d (54-8 
(SD 7-3)%; P = 0-016; Table 3). 
All the study children from the two groups (A and B) were further re-allocated to groups 
C - E with respect to their place of origin and the level of Ca intake (Table 2). Eight 
Hongkong children with Ca intake ^ 500 mg/d were re-allocated into group C. Eleven 
Jiangmen children with Ca intake < 500 mg/d were re-allocated into group D. Fourteen 
Hongkong children with Ca intake > 500 mg/d were re-allocated into group E. One child 
from Jiangmen with Ca intake > 500 mg/d was excluded from the analysis because of an 
inadequate sample size. The mean Ca intakes of groups C, D and E were 359 (so 94), 366 
(SD 92) and 884 (SD 399) mg/d respectively. The overall differences in dietary intake, weight 
and height of children in groups C, D and E were tested by the Kruskal-Wallis tesUTable 
4). There were significant differences between the three groups in nutrient i “ � - - - L - - ‘ 一 
in body weight {P =.0.32) and height {P = 0-88) (see Table 4). Table 5 _ 
differences in TFCA between groups C, D and E by using the Mann-Whitney 
TFCA values of groups C and E were 62.1 (SD 9.95) and 54.7 (SD 7-6)% respectively; there 
was no significant difference in TFCA between groups C and E ( P = 0.076). If the observed 
means and standard deviations for TFCA for groups C and E reflect the population means, 
the observed statistical power was only 0.5 (with type I error rate (a) 0.05’ two-sided). 
Therefore, it is possible that the mean TFCA for group D may be significantly higher than 
that for group E if the number of subjects increases. The TFCA for group D (63.73 
(SD 11.7)%) was significantly higher than that for group E (54.7 (sD 7.6)%; P = 0-033). 
There was no significant difference in TFCA and mean Ca intake between groups C and 
D (户=0-93 for both groups), which supports the previous attempt to combine ethnically 
similar study children with the same age and comparable low Ca intakes for TFCA 
AUhough TFCA in the low-Ca-intake children was found to be significantly higher than 
that for the high-Ca-intake children, there was no significant negative association between 
T F C A and Ca intake (r 一 0.28，户=0.11，� 34). The non-significant association might be 
explained by the fact that Ca intake may not be linearly related to TFCA (Heaney et aL 
1975； Eastell et ai 1989)，or it may be due to a small sample size. On the other hand, there 









,Distribution of tr 
__ I children 
. F o r details of subjects. 
-0-33’ 
thirty • 7-year-old 
？/d) and B 
:0-056) which might be due to the fact that protein intake was highly 
I these children (r 0.68, P < 0-0001). Otherwise, TFCA was not 
related to any dietary variables of carbohydrate (P = 0.35)，fat {P = 0.29), P (P = 0.067)， 
body weight {P = 0.65) and height {P = 0.99). In addition, there was a large inter-subject 
variation in Ca absorption in both the low- and high-Ca-intake groups (Fig. 1). 
Serum level of 25-0HD in twenty Hongkong study children 
The mean serum 25-OHD level in twenty Hongkong study children was 33-7 (so 7-7, range 
19-0-48-4) ng/mi. The serum 25-OHD levels of children with Ca intakes less than and 
greater than 500 mg/d were 32-9 (SD 7.0, n 7) and 34-1 (SD 7.9，n 13) ng/ml respectively. 
There was no significant difference in serum 25-OHD level between the lower- and higher-
Ca-intake groups (P = 0-66). There was also no correlation between the serum 25-OHD 
level and baseline TFCA (r -0.29，P = 0.21). Using serum 25-OHD level at 10 ng/ml as a 
diagnostic index of vitamin D deficiency (Grindulis et ai 1986), the vitamin D nutritional 
status of the Hongkong study children was within I' ‘ 
DISCUSS ION 
；the intestine in both directions; the Ca absorbed from the gut could be 
sctrcLcu iis endogenous Ca into the gut lumen and subsequently reabsorbed from it. Net 
fractional Ca absorption determined by traditional balance studies fails to differentiate the 
endogenous Ca from the dietary source. However, the technique of doubly labelled 
isotopes measures TFCA by giving one isotope orally and the other one intravenously 
which can correct for the endogenous Ca secreted into the intestine. The determination, of 
TFCA using double-label isotopes only requires a sample of body fluids, e.g. urine and 
blood, collected 24 h after dosing. The measurement does not depend on the absolute 
quantities of the two labelled isotopes but the ratio of the two isotopes in the body fluids. 
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Thus, the technique is not subject to inherent errors incurring in a metabolic balance study. 
Furthermore, the use of stable isotopes to determine fractional Ca absorption ’ 
to be highly correlated with the technique of radioisotopes (Yergey < 
aL 1989). The test is less time consuming, taking a few minutes 1 
whereas a balance study needs several weeks to complete. TIMS is a more ； 
sensitive technique than the FAB MS for measuring inorganic isotopes (Fairweather-Tait 
et ai 1989). It has a precision of 0 -3 -0 -5%; therefore, lower doses can be used, so that the 
cost of isotopes can be reduced. Furthermore, for studies in infants and children who have 
a smaller exchangeable Ca pool, doses can be further scaled down (Eastell et ai 1989). In 
the present study chocolate milk was used instead of ordinary milk as a carrier for ""Ca 
isotope. Some nutrition textbooks state that Ca in chocolate milk is less readily available 
for absorption than unflavoured cow's milk due to the presence of oxalate in chocolate. 
However, Recker et al. (1988)，using radioisotopes to compare fractional absorption of Ca 
from chocolate milk, whole milk, yoghurt, cheese and CaCOg in healthy subjects, found 
that there were no significant differences in the relative absorbability between chocolate 
milk and any of these tested dairy products as well as CaCOs suggesting that the 
absorbability of Ca from chocolate milk is comparable with that of unflavoured cow's milk. 
There is" a limitation in the present study: the use of chocolate milk as a single carrier for 
the might give a result representing how well the Ca from chocolate milk is absorbed 
but may not be representative of the Ca absorption from the whole diet. Despite this factor, 
the absorption test was standardized throughout the present study, and it was still possible 
to use chocolate milk as a single Ca carrier in order to differentiate between higher absorbers 
with low Ca intake and lower absorbers with high Ca intake. 
study shows that the study children with a mean Ca intake of about 
had a significantly higher TFCA (63 % ) than that of children with mean Ca 
intake 860 mg/d (55 %). The results indicate that the study children with low Ca intakes 
were able to adapt to the habitual diets with Ca intake below the RDA suggested for most 
developed countries (National Research Council. 1989; Department of Health, 1991 ； 
German Society of Nutrition, 1991). Physiologically, it is vitally important that the growing 
> a non-milk diet were able to enhance the efficiency of the 
I mechanism in order to compensate for the low Ca intake. 
of physiological adaptation depends on the systemic mediation of 
parathyroid hormone.and vitamin D in response to a low habitual Ca diet (Hegsted et al. 
1952; Norman, 1990): During growth the active process of bone remodelling leads to an 
increased demand for Ca in skeletal development, the increased production of parathyroid 
hormone and 1,25-dihydroxycholecalciferol may ultimately stimulate the synthesis of Ca-
binding protein, intestinal Ca absorption would be enhanced to compensate for the low-
，and urinary Ca excretion may be reduced as well (Norman, 1990). In this way the 
pt to achieve a positive Ca balance for maintaining Ca homeostasis 
skeletal mineralization. Classical Ca balance studies in low-Ca-intake 
children, adolescents and adults have together demonstrated that urinary excretion is 
reduced (Hegsted etal. 1952; Begum & Pereira，1969; Matkovic, 1991). In the current study 
the serum 25-OHD level of the Hongkong children was within the normal range. In fact, 
serum concentrations of 25-OHD have been determined in eighteen randomly selected 
children aged 7 years from the same school in Jiangmen during December of the same 
year. The assay of serum 25-OHD concentration used the same technique as that employed 
in the current study and the assay was performed in the same laboratory. The mean serum 
25-OHD for the Jiangmen children was 31.1 (SD 7.4，range 22.6~49.4) ng/ml which was not 
significantly different from the mean value fo r the twenty Hongkong study children 
(33.7 (SD 7.7) ng/ml; P = 0-170) (W. T. K. Lee, S. S. F. Leung, D. M. Y. Leung, H. S. Y. 
… - . Cheng, unpublished results). These findings — 
vitamin D status of children from both Hongkong and Jiangmen was adequate, which may 
be an important factor for the enhancement of Ca absorption to occur. Two recent studies 
of infants from Hongkong and Guangdong, China, showed that serum 25-OHD levels in 
young Chinese children from both regions were comparable (20-26 ng/ml ； Leung et al. 
1989，1993). Hongkong and Jiangmen share the same sub-tropical climate and there is 
plenty of sunshine throughout the year. Study children in this age-group actively engage in 
outdoor activities; therefore, they should obtain adequate vitamin D through regular 
exposure to the sun. Tlius, the variation in T F C A amongst the study children was unlikely 
to be related to the difference in vitamin D nutritional status. Although serum 1,25-
dihydroxycholecalciferol level was found to be raised in healthy low-Ca-intake adults 
(Norman et al. 1981)，our findings do not show a significant difference in serum 25-OHD 
level between the lower- and higher-Ca-intake children (P = 0.66) nor was there a 
correlation between serum 25-OHD concentration and baseline TFCA (r -0.29，P = 0-21， nloy 
Almost all the Jiangmen children in the current study were breast-fed up to 10 months 
of age. Only one girl was formula-fed from birth to 15 months, and five children were 
supplemented with formula milk up to about 12 months of age because the mothers could 
not produce adequate amounts of breast milk. After 1 year of age, five children would 
occasionally consume a few teaspoons of condensed milk or powdered milk while the rest 
of the children seldom consumed milk. Thus, the major sources of dietary Ca for Jiangmen 
children were dark-green vegetables, cereals and bean products. Hence, the habitual Ca 
intake of these twelve children f rom 1 to 7 years was about 300 mg/d due to the low intake 
of milk and milk products. All the Hongkong children studied, however, were formula-fed 
during infancy. Fourteen children (group E) with a current Ca intake > 500 mg/d had 
continued to drink milk since infancy. The remaining eight children (group C) with a 
current Ca intake ^ 500 mg/d gradually reduced the frequency and quantity of milk intake 
by age 1 year; two of these eight children stopped using milk at age 2 and 4 years 
respectively, while the remaining six children drank milk occasionally. Thus, the 
discrepancy in habitual Ca intake in the study children had already occurred at younger 
ages. In addition, both Hongkong and Jiangmen are located in soft-water regions. In 
，the mean level of Ca in tap water was 9-9 mg/ml (The Water Authority of 
j unpublished results); therefore, the contribution of Ca from drinking water is 
A nutritional adaptive mechanism may operate in children in response to different Ca 
exposures. The current study shows that the study children were able to adapt by increasing 
the rate of Ca absorption to a moderate extent in response to a low-Ca diet. However, it 
is interesting to note that even in children on a high Ca intake, the absorption rate was still 
as high as 55 %. Published values for TFCA and the extent of adaptation to low-Ca diets 
in A^ian and Caucasian children are limited. The findings of the present study agree with 
earlier balance studies in low-Ca-intake Indian children (Begum & Pereira，1969) and Sri 
Lankan children (Nicholls & Nimalasuriya，1939) in that children could adapt to a Ca 
intake below 300 mg/d and were able to maintain positive Ca retention. The mean Ca 
retention of twenty-eight rural Indian children (Begum & Pereira，1969) subsisting on a diet 
as low as 200 mg/d could reach about 6 0 % , and the mean urinary Ca loss was less than 
35 mg/d. On the other hand, Nicholls & Nimalasuriya (1939) showed that Sri Lankan 
children accustomed to dietary Ca levels of less than 300 mg/d were able to absorb over 
60 % of Ca from the diet, and the mean total urinary Ca excretion was 16 mg/d. Matkovic 
(1991) reviewed ninety-nine metabolic balance studies in children aged 2 -8 years; the 
author observed that the mean urinary Ca loss dropped from 117 to about 60 mg/d when 
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mean Ca intakes declined from 1600 to 470 mg/d. These early studies demonstrated that 
growing children on habitually-low-Ga diets had a low urinary Ca excretion in addition to 
a relatively higher Ca retention so that a positive Ca balance could be maintained to 
facilitate skeletal mineralization. 
Abrams et al. (1993) employed the dual-tracer technique to compare TFCA of ten 
healthy Caucasian girls with a mean age of 7.5 (SD 1.4) years; the results were used for 
comparison with those of children with juvenile rheumatoid arthritis. “Ca (0.5 mg/kg) or 
46Ca (0-5 /ig/kg) was labelled in milk (amount of milk used was not mentioned in the 
report) and taken orally with a standard breakfast. ^^Ca (0-1-0-35 mg/kg) was infused 
immediately after the breakfast. TFCA of the healthy girls was 30.4 (sD 8.4)%，and the 
mean dietary Ca intake of the ten subjects was 940 (SD 470) mg/d. The higher percentages 
of TFCA found in the present study when compared with those of Abrams et al. (1993) may 
• ethnic differences in the efficiency of Ca absorption, or slight 
I the study protocols. Miller et al. (1988) and Smith et al. (1987) used a double-
. . determine TFCA from ^^Ca-enriched CaCOa and calcium citrate— 
malate in Caucasian children and adolescents aged 10-17 years. The TFCA from CaCOg 
and calcium citrate-malate were 26 and 36 % respectively，which were remarkably lower 
than those from the present study. In the current study the subjects were younger than 
those in the studies of Miller et al. (1988) and Smith et al. (1987). In addition, oral ""Ca was 
administered in chocolate milk as a tracer carrier and the test meal was given to subjects 
in a fasted state. In contrast. Miller et al. (1988) and Smith et al. (1987) labelled Ca salts 
with ""Ca (total dose 250 mg Ca) and the oral tracer was taken simultaneously with a 
standard breakfast. Thus, it is inconclusive whether the discrepancy in TFCA between the 
results of our own study and those of Miller et al. (1988) and Smith et al. (1987) was due 
to adaptive or ethnic differences or may be attributed to the variations in the study design. 
Eastell et al. (1989) used a dual-isotope technique to estimate Ca absorption by labelling 
dietary Ca in individual meals rather than in a fixed Ca carrier. The authors observed a 
negative correlation between dietary Ca and the amount of Ca absorbed. TFCA also varied 
from meal to meal during the day which may be attributed to the variation in Ca contents 
of the meals. Thus, in future studies it would be more appropriate to label different meals 
during the day in order to obtain a more accurate estimate of Ca absorption based on the 
entire diet. •• . 
The value for fractional Ca absorption is one of the key factors in estimating Ca 
requirements in children (National Research Council, 1989; Department of Health, 1991). 
In the USA the recommended Ca intake for children aged between 1 and 10 years was 
800 mg/d based on an assumption that Ca absorption rate in children is 40 % (National 
Research Council, 1989). The RDA for Ca for Chinese children based on the mean TFCA 
extrapolated from the present study may be lower than the US RDA. To investigate any 
difference in Ca absorption between Caucasian and Chinese children would necessitate a 
further absorption study in Caucasian children with the same protocol as that of the 
present study. Also, it would be worthwhile to assess Ca absorption in Chinese children 
living in temperate regions of Northern China in order to determine the extent of variations 
in Ca absorption which might be influenced by environmental factors such as variations in 
dietary intakes, vitamin D nutritional status and the frequency of exposure to sunshine. 
In conclusion, this is the first Ca absorption study using the technique of doubly-labelled 
stable isotopes coupled with TIMS to measure TFCA among Chinese children who had a 
wide range of Ca intakes. The results of the study indicate that growing Chinese children 
1 to a habitually-low-Ca diet were able to adapt to enhance-the efficiency of Ca 
.The vitamin D nutritional status of the study children was within the normal 
mean TFCA of the Chinese children was above 50 %. Further study is necessary 
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to determine whether there is any difference in Ca absorption between 
Chinese children. 
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A double-bUnd controlled Ca supplementation trial was conducted for 6 months in thirty-i 
Hongkong and Jiangmen, China. The children were randomly a 
� 1 7 ) or control group (/i 17), and a CaCOj tablet (300 mg Ca) or a placebo tablet was 
True fractional Ca absorption (TFCA) was evaluated before and after the trial using stable 
isotopes- 8 rag ^Ca mixed in 100 g chocolate milk was given after an intravenous injection of 
0-75 me ^^ Ca There was no significant difference in baseline TFCA between the study group 
f60.6 (SD 11-4)%) and the controls (58.2 (SD 9 0 ) % ; P = 0.55). Serum ZS-hydroxycholecalciferol levels 
ivere comparable between the two groups (P = 0-71). After 6 months, TFCA of the study group 
.55.6 (SD 12-7)%) was significantly lower than that of the controls (64-3 (so 10.7)%; P = 0.015). By 
comparing the individual changes in TFCA after the trial between the two groups there was a non-
si„nSicant reduction in TFCA (5.03 (SD 12.4)%; P = 0.11，WUcoxon signed-rank test) m the study 
(60<^556%)，whereas a significant increase in TFCA (6.17 (SD 7.7)%; P = 0^004, WUcoxoo 
s^nediank test) was observed in the controls (58-2-^-3%). The differential in TFCA between the two 
groups after 6 months was significantly different (P = 0 001), and remained significant after 巧u s t ^ ^ n t 
for baseUnf dietary intakes, weight and height by multiple-regression analysis P = 0-003) If the 
mechanism of TFCA from chocolate milk in response to the treatment effects is similar to that from the 
total diet, then our results suggest that children with adequate vitamin D status can adapt to a change 
Z c a L t k e by adjusting the efficiency ofTFCA. In corollary, childreo on habituaUy-low Ca diets have 
a higher TFCA than the counterparts� 
：Nutritional supplementation: 
mineralization (Johnston et al. 1992; Lee et al. 1993^2，b). Ca intakes vary from nation to 
nation in the world (Food and Agriculture Organization /World Health Organization, 
1962; Nordin & Marshall, 1988). In Southern China the majority of Chinese children cease 
to use milk after 1 year of age. Ca intakes of Chinese children have been reported to be 
about 300 mg/d (Chen, 1986 ； Lee et al. 1993 b, 1994). Whether children accustomed to this 
level of intake are able to absorb adequate Ca to achieve a Ca balance appropriate for bone 
mineralization is notlcnown (Matkovic et al. 1990). In fact, there have been few studies on 
the efficiency of Ca absorption in growing children. Early balance studies in India and Sri 
Lanka showed that children could adapt to an habitual Ca intake of about 300 mg/d and 
still maintain a positive Ca balance (Nicholls & Nimalasuriya，1939; Begum & Pereira, 
1969). Ca absorption was approximately 50 % in rural Indian children subsisting on a diet 
with as low as 200 mg Ca/d. In a recent study our research group has estimated the 
efficiency of Ca absorption in 7-year-old Chinese children using the doubly-labelled 
technique with oral administration of extrinsically labelled ^^Ca in 100 g chocolate milk 
(120 mg Ca/kg) and an intravenous administration of ^^Ca. These study 
self-selected diets in the range 172 to 1641 mg Ca/d. 
fractional Ca absorption (TFCA) of the lower-Ca-intake children was significantly higher 
than that of the higher-Ca-intake counterparts (63 v. 5 5 % ; P = 0 016; Lee et al 1994). 
The aim of the present trial was to investigate prospectively whether growing children are 
able to adapt to a change in Ca intake by regulating the efficiency of intestinal Ca 
absorption. In recent years the use of a stable (non-radioactive) dual-label isotope 
technique has provided a safe, accurate and reproducible means of determining true Ca 
I infants and children (Yergey et al. 1987; Hillman et al 1988; Miller et al 
.nonth randomized double-blind controlled Ca supplementation trial was 
I a group of thirty-four Chinese children; the trial subjects were the same as 
those participating in our previous study (Lee et al 1994). TFCA was evaluated by the 
technique of stable isotopes coupled with theraial-ionization quadmpole mass spectrometry 
before and 6 months after the trial. The present Ca supplementation trial commenced on 
the day after the baseline absorption test. The values for Ca absorption obtained from the 
previous study were used as baseline values for TFCA in the current trial. After 6 months 
the efficiency of Ca absorption was re-evaluated. 
S U B J E C T S , M A T E R I A L S AND METHODS 
Thirty-four 7-year-old Chinese children (eighteen boys, sixteen girls) took part in the study. 
They were the same subjects as those from our previous absorption study (Lee et al. 1994). 
Twenty-two of them were Hongkong Chinese children (twelve boys, ten girls) randomly 
selected from an ongoing cohort study of growth and nutrition (Leung & Lui, 1990; Lee 
et al. 1993 a). The cohort has been foUowed-up since birth. The remaining twelve children 
(six boys, six girls) were randomly selected in a primary school from Jiangmen, a city in 
Guangdong Province of Southern China. Hongkong and Jiangmen are close cities located 
in the Pearl River delta of Guangdong Province, and the study children from both locations 
are ethnic Cantonese. All the study children fulfilled the selection criterion that they were 
healthy and did not have any previous history of metabolic diseases or any recent episodes 
of bone fractures that might interfere with Ca metabolism. 
All the study children were randomly allocated to receive either Ca supplement {n 17) or 
placebo {n 17). The Ca supplement was cherry-flavoured chewable CaCOg tablet (Turns-
Ex; Smithkline Beecham，Weybridge，Surrey). Each tablet contained 700 mg CaCOs 
(300 mg elemental Ca). The placebo used was a Ca-free sucrose tablet of similar colour, 
‘ 5 produced by the same manufacturer. The study children from 
：鄉, 
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Jiangmen received Ca-supplement or placebo tablets at school. The tablets were dispensed 
daily to each child in the class by the same teacher on a 6 d/week basis. Each child took 
J tablet immediately after school breg^kfast. During vacations, appropriate numbers of 
‘ i distributed to the parents to be taken at home. On the other hand, 
f rom Hongkong went to different schools so the Ca . _ 
LiiuicLs were distributed Jo the parents to be taken at home. The children took uuc lauicL 
every morning after breakfast. Throughout the trial period, all the study children, teachers, 
parents and the field workers were blind to the design of the controlled trial. The controlled 
trial lasted for 6 months. Compliance was checked by counting the number of tablets taken 
by each child after the trial. 
Weight and height measurements 
Standing height was measured without shoes using a stadiometer (Technical Services Unit, 
The Chinese University of Hongkong). Unclothed weight of the Hongkong children， 
measured using a Seca electronic scale (Vogel & Halke GmbH -
Germany), whereas the weight of Jiangmen children， 
(Model: TGT-100; Lichepai, Guangdong, China). 
Dietary assessments 
Dietary assessments were performed before the trial. Food intake of the Hongkong group 
I research dietitian (W.T.K.L.) using the method of dietary history, and 
I with a quantitative food-frequency questionnaire and 24 h recall (Burke, 
，1989). Details of the procedures have been described by Lee et 
. (1993a) . Dietary intake of Jiangmen children was assessed by the same quantitative 
food-frequency questionnaire as that used in the Hongkong group. The procedures have 
been described elsewhere (Lee et al. 1994). Calculation of nutrient intake was performed 
using a local-food database program (Lee et al. 1993 a) with food items compiled f rom the 
following food tables: Church & Church (1975)，Institute of Health (1980)，Paul & 
Southgate (1978), Tung et al. (1961), Department of Health, Education & Welfare (1972) 
and Watt & Merrill (1983)，and data from food manufacturers and 
Preparation and administration of stable isotopes 
TFCA was determined by a double-label stable-isotope technique using ‘ 
Doses of 44Ca for oral administration and " C a for intravenous injection， 
using the basis of 0-2-0-5 mg ^^Ca/kg body weight and 0-02-0-1 mg "Ca/kg body weight 
(Yergey et al. 1987). Two enriched Ca isotopes: '^Ca (83-20 a tom%) and “ C a 
(96-40 a t o m % ) in the form of CaCOg 
J described previously (Lee et al. 
I a polyethylene tube and kept at —20°. Each 2 ml dose of •'^Ca solution for 
_ ampoule and autoclaved. Samples of ^^Ca solution 
sterility''testing in the Pharmacy of Prince of Wales Hospital, 
.The final concentrations of the oral dose o f " C a solution and intravenous dose 
I were 1.83 and 0-359 mg/ml respectively. The exact quantities of isotopes 
given to each subject were precisely weighed with an electronic scale accurate to 0 001 m g . � 
The study … ’ " • i … 
administered slowly ： 
(9 g NaCl/1). 44Ca was mixed in 100 g chocolate milk. 
- . ——. . ， in, 
after 
standard breakfast (one 75 g sponge cake and 250 ml fruit juice). A urine sample of 500 ml 
was collected starting exactly 24 h after the test to determine the ratios of isotopes present 
in the urine. The urine was collected in an acid-washed bottle until the volume of urine 
reached the 500 ml mark. 
Determination of isotope ratios in the enriched urine samples 
The urine samples were digested in concentrated HNO3 using a microwave digester (CEM 
Model MD5-2000 Microwave Sample Preparation System; CEM Corporation, Matthews, 
N.C., USA), and the inorganic impurities in the digested urine samples were removed by 
loading the urine samples into ion-exchange columns (Dowex 50W-hydrogen, 8 % cross-
linking, 100-200 dry-mesh resin，Aldrich Chemical Co., Poole, Dorset), the sample was 
then washed with concentrated HNO3 followed by HCl. The isotope ratios of the purified 
samples were determined by thermal-ionization mass spectrometry ( J H Q ; Finnegan-Mat 
GmbH, Bremen, Germany) using the double-filament technique (Heumann, 1988). The 
principles of the methods and 
previously (Lee et al. 
Calculation of true fractional calcium absorption 
The calculation of percentage TFCA was based on the assumption that both 
intravenous and orally administered Ca isotopes are metabolized at the same rate once 
state of equilibrium has been achieved. The percentage absorption from the oral dose 1 
determined according to the following equation (Yergey et al. 1987): 
% T F C A : 
(na"Ca)(42Caiv)> 
i"Ca)(44Caoral)〉 
where na is the natural abundance of the two isotopes, iv (intravenous) and oral refer to 
the exact dose administered, and A % X S is the degree to which a particular ratio differs 
f rom the natural ratios. 
Determination of serum level of 25-hydroxycholecalciferol {25-0HD) 
Serum level of 25-OHD was determined at the beginning of the trial (Lee et al 1994) using 
a competitive protein assay as described previously (Woo et al. 1990; Lee et al. 1994). 
Twenty study children consented to have blood taken for the 25-OHD assay. Venous blood 
(2 ml) was withdrawn from the antecubital vein and the senim was separated. 25-OHD was 
from the serum using acetonitrile and then separated with a SepPak C-18 
(Waters Associated, Milford，MA, USA). The extract was analysed by a 
Bucks.). 
Statistical methods 
Owing to the small sample size and the observed skewness of some variables, the underlying 
assumptions of parametric tests may not be valid in the analysis. The non-parametric 
Mann-Whitney U test was used to compare intergroup differences in various variables, 
whereas non-parametric Wilcoxon signed rank test was used to test intraindividual changes 
in TFCA over the 6-month trial. Multiple-regression analysis was used to identify the 
relative contribution of initial Ca intake, treatment effect (Ca or placebo), and the effect of 
interaction between baseline Ca intake and the treatment effect (Ca or placebo) on the 
prediction of the changes in TFCA over the 6-month period. Significance level was set at 
P < 0.05，two-tailed. Statistical analysis was performed using Statistical Package for Social 
Sciences (1990) procedure. 
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Ethical considerations 
The study protocol was approved by the Ethics Committees of The Faculty of Medicine, 
The Chinese University of Hongkong, and the Institute of Food Research，Norwich 
, U K . Informed consent ’ 
RESULTS 
• trial. The mean compliance of the study and control 
groups were 96.20 (SD 16) and 92.8 (SD 14) % respectively by counting £he number of tablets 
taken by each subject after the trial. •“ . 
compliance between the study and control groups {P ； 
Baseline characteristics of the study children 
The mean Ca intake of the twenty-two Hongkong children was 693 (SD 410) mg/d; they 
had a wider range of Ca intake (185-1641 mg/d) because some of them consumed milk 
regularly. Detailed dietary assessments of these Hongkong cohort children since infancy 
have shown that the majority of the children consumed milk on a regular basis. Cow's milk 
was the chief source of Ca among the study children in Hongkong. Children from Jiangmen 
in mainland China, however, consumed little milk after 1 year of age because their dietary 
habits were less influenced by the West. The main sources of Ca among the Jiangmen study 
children were dark-green leafy vegetables, cereals'and bean products. The mean Ca intake 
of the twelve children from Jiangmen was 381 (SD 103, range 172-552) mg/d. 
Table 1 shows the baseline characteristics of the study children allocated to either the 
study group or control group. The mean Ca intake of the study group was not significantly 
different from that of the control group (尸=0.076); P and protein intakes for the study 
:significantly higher (P = 0.029 and P = 0.048 respectively) than those for the 
.Weight and height of the study group were not significantly different f rom 
those for the control group {P = 0.48 and P = 0.67 respectively). The initial TFCA of the 
study group was not significantly different from that of the control group (60.6 (SD 11.4, 
9 5 % CI 54-8-66-5)%-v. 58.2 (SD 9.0，95% CI 53-6-62-8)%; P = 055). 
the baseline characteristics of boys and girls in the supplementation trial, 
significant sex differences in dietary intakes, body size and initial TFCA. 
The mean baseline serum 25-OHD levels (ng/ml) for the study and control groups were 
respectively 34.8 (SD 8.2，n 10) and 32.6 (SD 7.5，n 10). There was no significant difference in 
serum 25-OHD level between the study and control groups {P = 0.71; Table 1). Also, there 
was no significant difference in 25-OHD levels between boys and girls (33.6 (SD 8.2) v. 
33.8 (SD 7.7) ng/ml; P = 0.94). A serum 2 5 - O H D level below 10 ng/ml has been used by 
some investigators as a biochemical index for vitamin D deficiency (GrinduUs et al. 1986) 
therefore, the vitamin D nutritional status of the study children should be adequate. 
E f f e c t s of controlled calcium supplementation on calcium absorption 
After 6 months there was a significant difference in TFCA between the sti 
(55-6 (SD 12.7)�/o) and the control group (64.3 (SD 10.7) = 0-015; Table 1). Fig. 
the changes in TFCA for individual subjects in the study and control groups ‘ 
month period. There was a tendency towards a decrease in TFCA among the individuals 
in the study group, whereas the TFCA of the individuals in the control group tended to 
increase after the trial. After 6 months the mean TFCA of the study group was reduced by 
5.03 (SD 12-4)% to 55.6 (SD 12.7)% (95% CI 4 9 - l - 6 2 - l % ; P = 0.11 by Wilcoxon signed 
rank test). Nevertheless, the control group showed a significant increase in TFCA 
(6-17 (SD 7-7)%) to 64.3 (SD 10.7，95% CI 5 8 - ^ 9 - 8 ) % ; P = 0-004 by Wilcoxon signed 
A N D 
Table 1. Comparisons of mean dietary intakes, body size, initial and final true fractional 
calcium absorption {TFCA) in groups of 7-year-old Hongkong and mainland Chinese children 
receiving either a Ca supplement {study group) or a placebo {control group)* 
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2170 3726-12951 
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* For details of subjects and procedures, see pp. 312-314. 
t Mann-Whitney U test. 
Table 2. Comparisons of mean dietary intakes, body size, and initial true fractional calcium 
absorption {TFCA) between 7-year-old Hongkong and mainland Chinese boys and girls 
(Values are means and standard deviations) ‘ 
Ca (mg/d) 















rank test). The differential in TFCA between the study and control groups after the 6-mbnth 
trial was significantly different (P = 0.001)，and the significant difference remained even 
after adjusting for baseUne dietary intakes of Ca, P and protein, weight and height (P = 
0-0035). Multiple-regression analysis was used to identify the relative contribution of initial 
Ca intake, treatment effect (Ca or placebo), and the effect of interaction between initial Ca 
intake and the treatment effect (Ca or placebo) on the predicted change in TFCA over the 
6-moiith period. The results show that baseline Ca intake did not predict the changes in 
TFCA either in the study group or control group over the 6-inonth period (P = 0-93 for 
_ 
Fig. 1. Changes of true fractional calcium absorption (TFCA; % ) of thirty-four Hongkong and mainland Chinese 
children receiving (a) Ca supplement (study group, n = 17) or {b) placebo (control group; n 17) after a 6-month 
controlled Ca supplementation trial using a double-label stable isotope technique. For details of subjects and 
procedures, see pp. 312-314. " 
main effect, P = 0.62 for interaction effect). However, the treatment effect remained a 
significant independent variable to predict the difference between the initial and final TFCA 
{P = 0-048). 
m 
、 . ： 冷 、 mm 
, this is the first double-blind controlled Ca supplementation trial to 
L TFCA among Chinese children using the technique of 
with 44Ca administered orally in chocolate milk. The 
r J of the trial participants was greater-than 90% and the compliance was 
consistent throughout '.this short-duration study. The mean serum concentration of 25-
OHD for the twenty study children was within the normal range even i 
therefore, the vitamin D nutritional status of the study children should 
factor to facilitate Ca absorption. There was no significant difference in either the 
compliance rate or vitamin D nutritional status between the study and control groups; 
hence，these two factors should not be confounding factors in the difference in TFCA 
between the study and control groups on completion of the trial. 
was a wide individual variation in both the individual values for TFCA, and the 
1 TFCA among the children in response to treatment effects (Fig. 1). In the study 
group, two boys with mean Ca intakes at about 300 and 380 mg/d had markedly reduced 
7 P C A (from 84.6 to 40-5 % and from 73.1 to 48-4% respectively) after the trial, whereas 
in the control group, a boy and a girl with mean Ca intakes at about 270 and 325 mg/d had 
TFCA values which were markedly increased ( from 48-1 to 74-2 % and from 78-5 to 95-5 % 
respectively) after the study. Replicate laboratory analyses yielded consistent results. All 
four children were perfectly normal; however, their dietary Ca intakes were on the low side. 
Such a magnitude in variation in the change of TFCA has also been reported in a short-
tenn milk-supplementation study (Fairweather-Tait et al. 1989). 
The children in the study group had a much higher dietary Ca intake compared with 
•麵、 
those in the control group throughout the 6-month controlled Ca supplementation trial. At 
the end of the trial the TFCA of the control group was significantly higher than that of the 
study group. In addition, by comparing the individual changes in TFCA over the 6-month 
period for the study and control groups, a significant increase in TFCA was observed in the 
control group, whereas there was a non-significant reduction in TFCA in the study group 
after 6 months. If TFCA from the total diet is similar to that from chocolate milk, then the 
results from the present study suggest that growing children are able to increase the 
efficiency of intestinal Ca absorption to meet the escalated demand for Ca 
mineralization. Further study is required to determine whether Ca int ‘ 
determinant for increasing the rate of Ca absorption. On the other hand 
intake in growing children by using Ca supplements alters the state of Ca equilibrium by 
downward regulation of the Ca absorptive mechanism. The findings of the present trial are 
in line with several adult studies in that fractional Ca absorption is negatively related to 
habitual Ca intake (Malm, 1958; Heaney et al. 1975). During the period of skeletal 
development an increased demand for Ca for bone mineralization may enhance the 
production of parathyroid hormone and 1,25-dihydroxycholecalciferol, which in turn 
would stimulate the synthesis of Ca-binding protein to facilitate intestinal uptake of Ca 
(Hegsted et al 1952; Norman et al. 1981 ； Norman, 1990; Chan et al 1992). Furthermore, 
a reduction in urinary Ca excretion has been documented in childhood, adolescence and 
adulthood (Hegsted et al. 1952; Begum & Pereira，1969; Matkovic et al. 1990). Therefore, 
a successful nutritional adaptation may happen in children as a result of hormonal 
mediation such that an adequate amount of Ca may be retained to achieve a positive Ca 
balance for skeletal mineralization. Hongkong and Jiangmen are located in the subtropical 
geographical region; there is an abundance of sunshine throughout the year. The study 
children in this age-group spent a lot of time on outdoors activities; therefore, they should 
obtain most of their vitamin D by regular exposure to the sun. The serum 25-OHD 
concentration of the study children was determined in the winter, and the results of the 
analysis were found to be normal. Furthermore, in the present trial there 
difference in serum concentration of 25-OHD between the study an( 
Therefore, an adequate vitamin D nutritional status in the study children appea: 
important factor in allowing nutritional adaptation to occur. If the data for i 
excretion in the study children were available, it would help to clarify the argument 
nutritional adaptive mechanism exists in growing children to retain an appropriate amount 
of Ca for the maintenance of a positive Ca balance. 
The multiple-regression model included three independent variables to predict the intra-
individual changes in TFCA over the 6-month period; i.e., treatment effect (either Ca 
supplement or placebo), baseline Ca intake, and the effect of interaction between treatment 
effect and baseline Ca intake. The results of the multiple-regression analysis showed that 
the treatment effect was the only significant independent variable to predict an individual's 
change in TFCA; baseline Ca intake had no significant effect on the change in TFCA and 
there was also no interaction between treatment effects and baseline Ca intake to predict 
the individual's change in TFCA. The results imply that the treatment effect (an increased 
Ca intake of 300 mg/d for a period of 6 months) would trigger a downward regulation of 
the efficiency of Ca absorption. On the other hand, growing children on self-selected diets 
not receiving Ca supplements were still capable of further increasing the rate of absorption 
to cope with an escalating demand for Ca for growth. The change in Ca absorption rate 
was also found to be independent of the habitual Ca intake. In other words, the regulation 
of TFCA may happen in children with either low or high habitual Ca intake, and the 
intestinal absorptive mechanism may adapt to different levels of Ca intake in order to 
；of Ca for growth. Matkovic et al. (1990) and Heaney al 
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(1975) indicated that Ca retention in the body is proportional to the i 
absorbed. Two early studies on Indian and Sri Lankan children 
children with a habitual Ca intake of about 300 mg/d could still ; 
balance (Nicholls & Nimalasuriya’ 1939; Begum & Pereira，1969). However, 
results were found in adolescent Caucasian girls (Matkovic 
results show that the children in the placebo group were able to adjust the TFCA upwards, 
if the diet in childhood is too restricted in Ca content ( < 1 5 0 mg/d), children may not be 
able to absorb sufficient Ca to maintain a positive balance for bone mineralization (Pettifor 
et al. 1979; Eyberg et al. 1985; Legius et al. 1989). 
In conclusion, the present trial evaluated the effects of a 6-month, controlled Ca-
supplementation trial on the TFCA of 7-year-old Chinese children, using the dual stable-
isotope technique, with ^^Ca administered - orally in chocolate milk. After the trial the 
children in the placebo group had a significantly greater mean TFCA than that in the Ca-
supplemented group who ingested an additional 300 mg Ca/d throughout the trial. With 
regard to the individual's adjustment of TFCA in response to the treatment effect (Ca or 
placebo-treated) after the trial, the control group children showed a significant increase in 
TFCA, while the Ca-supplemented children had a pronounced but not significant fall in 
TFCA after the trial. If the mechanism of TFCA from chocolate milk in response to the 
treatment effects is similar to that from the total diet, then the results of the trial suggest 
that children with adequate vitamin D nutritional status were able to adapt in response to 
a change in dietary Ca intake by adjusting the efficiency of Ca absorption. Consequently, 
children subsisting on a habitually-low-Ca diet would have a higher rate of Ca absorption 
than their counterparts with a relatively-higher-Ca diet. 
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A randomized double-blind controlled calcium supplementation 
trial, and bone and height acquisition in children 
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There is limited information relating Ca intake to bone and height acquisition among Oriental children 
who consume little or even no milk. The present controlled study investigated the acquisition of bone 
mass and height of Chinese children with an initial Ca intake of approximately 567 mg/d who were 
supplemented to about 800 mg/d. Eighty-four 7-year-old Hong Kong Chinese children underwent an 18-
month randomized, double-blind, controlled Ca-supplementation trial. The children were randomized to 
receive either 300 mg elemental Ca or a placebo tablet daily. Bone mass of the distal one-third radius 
was measured by single-photon absorptiometry, lumbar spine and femoral neck were determined using 
dual-energy X-rav absorptiometry. Measurements were repeated 6-monthly. Baseline serum 25-
hydroxycholecalciVerol concentration and physical activity were also assessed. Baseline Ca intakes of the 
study group and controls were respectively 571 (SD 326) and 563 (SD 337) mg/d. There were no 
significant differences in baseline serum 25-hydroxycholecalciferol concentration (P = 0.71) and 
physical activity (P = 0.36) between the study and control groups. After 18 months the study group had 
significantly greater increases in lumbar-spinal bone mineral content (20 9 v. 16-34%; P = 0 035), 
lumbar-spinararea (1116 v. 8.71%; P = 0 049), and a moderately greater increment in areal bone 
mineral density of the radius (7.74 v. 6 0 0 % ; P = 0.081) when compared with the controls. The results 
confirm a positive effect of Ca on bone mass of the spine and radius but no effects on femoral-neck and 
height increase. A longer.trial is warranted to confirm a positive Ca effect during childhood that may 
modify future peak bone mass. 
Calcium: Childhood: Bone 
Several popula t ion studies (Matkov ic et al. 1979 ； Chan, 1991; Fehily et al. 1992; Hu et al. 
1993) have consistently shown that an adequate C a intake in early l ife is associated with 
at ta inment of a greater adult peak bone mass. Achievement of a higher peak bone i . 
considered to be the best prophylact ic measure to prevent the risk o f � — -
osteoporot ic f rac tures later in life. T w o recent control led Ca intervention t r 
Caucasian chi ldren and adolescents (Johnston et al. 1992; Lloyd et al. 1993) have together 
demonstra ted that giving Ca supplements to ch i ldren whose usual Ca intakes have already 
reached the U S recommended dietary al lowances ( R D A ; National Research Council, 
1989) could fur ther enhance bone-mineral depos i t ion. It has been suggested that the peak 
bone mass of an average Chinese adul t is in genera l smaller in compar i son to that of an 
average Caucasian adult ( G a m et al. 1964; H u et al. 1993; Lee, 1993). It fol lows that 
skeletal Ca accret ion during the years of growth in Chinese children m a y be lower than that 
of their Caucasian counterpar t s (Lee, 1993 ； M a t k o v i c & Illich’ 1993). There have been few 
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published studies on the relationship between Ca intake and bone acquisition among 
Oriental children and adolescents. Until recently our research group has reported that the 
bone mass of pre-school Chinese children was positively associated with Ca intakes over 
the past years (Lee et al. 1993 办 and that pre-school children from mainland China with 
a mean habitual Ca .intake of 245 mg/d had a bone mass 14% less than that of their 
counterparts f rom Hong Kong whose mean habitual Ca intake was 540 mg/d (Lee et al. 
1993 Z?). Over the last few decades the food habits of Hong Kong Chinese people have been 
influenced substantially by the West, and there is an increased consumption of cow's milk 
among Hong Kong Chinese children. More than 4 0 % dietary Ca in 5-year-old children is 
derived from milk, with mean Ca intake rising to approximately 550 mg/d (Lee et al 
1993 a). However, there is a lack of information on the rate of bone acquisition when 
Chinese children accustomed to such a habitual level of Ca intake 
RDA of the Western industrialized countries (German Society of Nutrition， 
Research Council, 1989). 
The present report describes a randomized, double-blind, placebo-controlled Ca-
supplementation trial undertaken for 18 months to determine its effects on bone mineral 
acquisition in the distal radius, lumbar spine (L2-L4) and proximal femoral neck and on 
height increment of Hong Kong Chinese children. 
S U B J E C T S A N D METHODS 
Study sample 
Healthy Hong Kong Chinese children {n 109; sixty-three boys and forty-six girls) aged 7 
years participated in the trial. The study children came from a longitudinal growth study 
(Leung & Lui，1989; Lee et al. 1993 a); these normal cohort children in the longitudinal 
study have been followed up since they were recruited at birth in 1984. The cohort children 
were 7 years of age when they entered into the current trial. All the children i 
trial had been growing normally since birth, none of them had had any rece 
disorder or incident of fractures which might directly or indirectly affect bone metabolism. 
Calcium supplementation 
The study children were randomly allocated to the study group in 54; thirty-two boys and 
twenty-two girls) and the placebo group {n 55; thirty-one boys and twenty-four girls). The 
controlled trial lasted for 18 months. CaCO, in the form of cherry-flavoured chewable 
tablets was used as the Ca supplement (Tums-Ex; Smithkline Beecham, Weybndge, 
Surrey) Each tablet contained 300 mg elemental Ca. The placebo used was a Ca-free 
sucrose tablet. The colour, shape and taste of the placebo were similar to those of the Ca 
supplement The placebo tablets were also produced by the same drug manufacturer. The 
study children were required to take one tablet daily immediately after breakfast. The 
appropriate number of tablets were dispensed to the parents for home use every 6 months 
during the trial. Compliance was calculated b y counting the number of tablets left in the 
returned bottles. Subjects, parents and field workers were blinded to the design of the trial. 
Throughout the trial, two research nurses monitored the compliance every 1-2 months by 
encouraging the children to comply with the instructions. 
Assessments of dietary intake 
Dietary intake was assessed at baseline and repeated after 12 months by a research dietitian 
rWTKL) using the method of dietary history, cross checked with a quantitative food-
frequency questionnaire and 24 h recall. Details of the method have been described in a 
previous study (Lee et al. \993a). Portion sizes were either in multiples or sub-multiples of 
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household chicken 
250 ml glass ‘ 
portion of a food item I 
•es had been weighed 
iputerized food table with food 
. i tem, e.g. one egg, 1/4 of 
_ ！ Chinese tablespoons, 1.5 
Chinese rice bowl. The average weight of either : 
medium or small size) or a food item in household 
standardized. Nutrient iijtake was calculated using L 厂 
items compiled from apfTropriate food tables (US Department of Health, Education and 
Welfare 1972; Paul & Southgate，1978; Watt & Merrill, 1983; Pennington, 1989; Institute 
of Nutrition and Food Hygiene, 1991). The children were also reminded to maintain usual 
eating patterns throughout the trial. 
Weight and height measurements 
Unclothed weight of the children was measured using a Seca electronic balance (Model 
707; Vogel & Halke GmbH & Co., Hamburg, Germany). Standing height without shoes 
was measured using a stadiometer (Technical Services Unit, Chinese University of Hong 
Kong). Weight and height were evaluated every 6 months throughout the 18-month trial. 
[6-monthly during the 
Bone mineral contents of three skeletal sites, namely, 
(L2-L4) and femoral neck of the proximal femur, 
trial. 
Bone mineral content (BMC) and bone width (BW) at the distal one-third radius of the 
non-dominant arm were evaluated by single-photon absorptiometry (SPA; Cameron & 
Sorenson, 1963; Sorenson & Cameron，1967; Cameron et al. 1968) using a Norland 2780 
bone absorptiometer (Norland Corp., Fort Atkinson, WI, USA). The BMC:BW 
an areal density derived by dividing BMC by BW. The detailed measurement ] 
and limitations of the technique have been reported previously (Prentice < 
al, 1993 a ,外 Two scans were performed and an average value was taken. The L 
the absorptiometer is ^ “！ with a maximum strength of 7400 MBq which has to be replaced 
every 6 months. A surface dose of 40 /iSv is absorbed by the tissue in d ” “ 
measurements. The radiation dose received by each subject in the present study ’ 
than 10% of a conventional X-ray examination of the forearm (DePriester 
Bone mineral measurement was performed by the same observers throughout the trial. 
Lumbar spinal (L2-L4) bone mineral content (LSBMC), lumbar spinal L2-L4) bone 
mineral areal density (LSBMD), femoral-neck bone mineral content (FNBMC) and 
femoral-neck bone mineral areal density (FNBMD) of the proximal femoral neck were 
determined in anteroposterior position by dual-energy X-ray absorptiometry (DEXA; 
XR.76 Norland Corp.). The principles of D E X A and the accuracy and precision of the 
technique have been reported previously (Genant et al. 1989; Sartoris & Resnick，1989; Ho 
gt a l 1990). The radiation that the subject actually absorbed was low ( < 30/tSv/scan; 
Genant et al, 1989). Lumbar spine (L2-L4) was scanned in the antero-posterior position. 
The child's upper legs were bent at the hip and the lower legs were elevated using a support 
to minimize lumbar lordosis during spine measurements. BMD in g/cm- is derived by 
dividing BMC (g) by the projected area of the bone. However, this measure is not a true 
volume density because the anterio-posterior depth and thus the volume of vertebrae 
cannot be determined by DEXA. BMD is a means to normalize BMC for the size of the 
vertebrae. To measure the proximal femoral neck in antero-posterior position, a foot 
support was used to maintain a 20° inward rotation of the legs to compensate for femoral 
neck anteversion. The left femoral neck was measured throughout the present study. 
Quality assurance tests for both instruments (SPA and DEXA) were performed by daily 
calibration against the respective standard phantoms provided by the manufacturer. For 
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Table 1. Table of categorized daily activities for the assessment of physical activity 
Category no. Examples of aciiviiies 
1 Sleeping, and lying down 
2 Sitting: eating, writing, reading and watching T.V. 
3 Standing: standing, queuing, having shower and dish washing 
4 Walking less than 4 km/h, shopping and walking up and down staircase 
5 Light household work: sweeping floor, window washing and walking at 4 -6 km/h 
6 Leisure and non-competitive sports activities in a recreation environment: hill 
,leisure cycling and running around at home 
s of higher intensity: jogging, track and field, 
the technique of SPA, precision errors incurred in two successive scans without 
repositioning of the subjects were 2.1 % and 2 . 2 9 � / � f o r BMC and BW respectively. Intra-
class correlations between scans with subjects repositioning for BMC and BW were 0-937 % 
and 0.906 % respectively (Lee et al. 1993 a). The precision of the positioning technique using 
DEXA has been studied in ten healthy young adult volunteers measured five times, each 
time with repositioning; the coefficients of variation were 1-4% and 2 % for the lumbar 
spine (L2-L4) and femoral neck respectively. To minimize inter-observer variability in the 
measurements, one research nurse was assigned to perform the measurements throughout 
the trial. 
Assessment of physical activity 
Physical activity has been shown to be associated positively with a higher bone density 
(Slemenda et al. 1991Z?; Grimston et al. 1993). The amount of physical activity of the study 
children was assessed using a 3 d physical activity record which was adapted from 
Bouchard et ai (1983). At least 3 d including a weekend day are required to evaluate usual 
activities (Saris, 1985; Durain，1990). In the present study a 3 d physical activity assessment 
period comprised two school days, and a physical education lesson had to be included in 
it, while the remaining day had to be a weekend day. The 24 h in a day were divided into 
ninety-six periods of 15 min each. Usual activities were categorized into a seven-grade scale 
with respect to the intensity of the activity as modified from Bouchard et al. (1983) (Table 
1). The importance of maintaining usual activities in the study period was emphasized to 
the children and their parents. The activity record was administered by the parent, the 
children helped their parents, to fill in the activity record. Record keeping started when the 
child woke up in the morning and continued until he/she went to the bed in the evening. 
The record was filled in every 1 -2 h by the parent unless the child attended school. After 
school the child helped recall his/her physical activities in school with the aid of a class 
timetable or with assistance from the teacher. A category number (grade 1-7) corresponding 
to a dominant type of activity during a 15 min interval was recorded. The categorized 
activities between grades 4 and 7 were used for calculation; the total number of hours the 
child spent on these activities was averaged over the 3 d period. 
Evaluation of serum 25-hydroxycholecalciferol concentration 
Hong Kong is situated in the region of sub-tropical climate, and there is an abundance of 
sunshine throughout the year. A recent study has shown that the serum 25-
hydroxycholecalciferol concentration of young children in this region is normal (Leung et 
碎 释 《 
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ai 1993). The study children at this age go outdoors regularly. Hence, they should obtain 
most of their vitamin D by exposure to the sun. In the present study, twenty children were 
randomly selected to evaluate the average serum concentration of 25-hydroxy-
cholecalciferol (25-OHD). Serum level o f 2 5 - O H D was evaluated at the commencement of 
the trial in December (winter) using a competitive protein assay as described previously 
(Woo et al. 1990; Lee et al. 1994 a). Venous blood (2 ml) was dr " ‘ 
vein for the 25-OHD g^say. The serum was separated from 
extracted from the serum using acetonitrile and then separated with . 
cartridge (Waters Associates, Milford, MA, USA) and the extract was analysed by a 
competitive protein-binding assay using a commercial kit (Amersham International, Little 
Chalfont, Bucks). 
The study was approved by the Ethics Committee of the Faculty of Medicine, Chinese 
University of Hong Kong. Informed consent was obtained from the parents. 
Statistical analysis 
Descriptive statistics (mean and so) were summarized for all variables. Owing to the small 
sample size or non-normal distribution of some variables the Mann-Whitney U test was 
used to compare mean differences in serum 25-OHD concentration, baseline characteristics 
between the drop-outs as well as the successful participants, and the mean percentage 
increases in bone measures and body size between the study and placebo groups. Otherwise, 
two-tailed Student's t test was used throughout the report. Multiple regression analysis 
with enter and stepwise procedures was used to control for baseline variables to predict the 
treatment effect on the net increase in lumbar spinal BMC over the trial. Diagnosis of 
residuals was performed and leverage points were identified. The level of significance (two-
tailed) was P ^ 0.05. Statistical analysis was performed using SPSS/PC, Version 4-0, SPSS 
Inc., Chicago, IL, USA. 
RESULTS 
Eighty-seven out of 109 children completed the trial, of whom three were rejected 
subsequently: one boy emigrated out of Hong Kong after 12 months of the trial, two girls 
moved house and lost contact for the last follow-up .session. The success rate of the trial 
was 7 7 % {n 84). Mean compliance (tablet count) of the eighty-four children who 
successfully completed the trial was 82。/。，the rate of the compliance was higher in the first 
year (84%) and then dropped to 7 7 % in the last 6 months of the trial. There was no 
significant difference in the mean compliance between the study and control groups 
throughout the trial (80 (SD 15) v. 84 (SD 16 )%; P = 0.29). Twenty-two out of 109 children 
withdrew in the first 12 months of the trial: thirteen children disliked the flavour of the 
tablets, six children complied poorly and therefore withdrew subsequently, whereas three 
children had stomach upsets after taking the tablets. 
The mean baseline dietary Ca intake of the eighty-four successful participants was 567 
(SD 330) mg/d. Table 2 compares the baseline characteristics of the study and control groups 
of the eighty-four successful participants. There were no significant baseline differences in 
dietary intake, b o d y size and b o n e measures between the study and control g roups 
r p � 0 . 0 5 ) Table 3 compares the baseline characteristics of boys and girls of the eighty-four 
successful participants. After 12 months, dietary assessment was repeated; there were no 
significant differences between the study and control groups with respect f - •“�，， 
Ca (548 (SD 237) v. 580 (sD 238) mg/d; P = 0.54), protein (72.0 (SD 22.0) i 
g/d. P 二 0.25)，and energy (6599 (sD 1518) v. 7214 (SD 1848) kJ/d; P - n 
e 2. Baseline characteristics of study and control groups of 7-year-old Hong Kong 
Chinese children taking part in an 18-month calcium-supplementation trial* 
I values and standard deviations) 
Study group {n 44) Control group {n 40) 
Calcium intake (mg/d) 

























Physical activity (h/d)卞 
, lumbar spinal bone mineral content; 
1 density ； 
，femoral neck projected s 
» There was no significant difference between the study and control groups with respect to the baseline variables 
(尸 > 0-05), using 2-tailed Student's t test. For details of procedures, see pp. 126-129. Values are for the eighty-
four participants who successfully completed the trial. 
7 34 (for subjects who completed a : 
In assessment of physical activity, seventy-four out of eighty-four records of physical 
activity were accepted, while the remaining ten records were rejected because they were 
incomplete. The average time that the study children spent on physical activity (grade Ar-1) 
was 2-8 (SD 0-9). There was no significant difference in the amount of time spent on physical 
activity between the study and control groups (P = 0.36; Table 2). Mean serum 25-OHD 
concentration of the twenty randomly selected children was 33-69 (SD 7.74) ng/ml. Mean 
serum 25-OHD concentrations of the study and control groups were respectively 34-82 (SD 
8-23) ng/ml {n 10)，and 32.57 (SD 7.48) ng/ml (n 10). There was no significant 
senim 25-OHD concentration between the study and control groups (P = 0-71). 
serum 25-OHD concentration of the twenty children was 3-fold above the bi 
diagnostic index for vitamin D deficiency (10 ng/ml; GrinduUs et al. 1986). Hence, 
vitamin D nutritional status of the study children in the current study 
The baseline characteristics of the twenty-five drop-outs c . 
with those of the eighty-four children who completed the tr ial . : 
differences in dietary intake, weight, height, and bone measures 
and the eighty-four children who completed the trial (P > 0.05). As compliance， 
in the first 6 months (85%), and the majority of the withdrawals � 
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Baseline characteristics of 7-year-old Hong Kong Chinese boys and girls taking 
part in an 18-month calcium-supplementation trial* 
s and standard deviations) (Mean \ 
Girls {n 36) 
Mean Ft-
Calcium intake (mg/d) 





Distal 1/3 radius 
BMC (g/cm) 
BW (cm-) 
BMC:BW ratio (g/cm 









；BW, bone width; LSBMC, lumbar spinal bone mineral conten 
[density; FNBMC, 
content; FNA, femoral necK projected area; ri-sDivii^. femoral neck 
^ Values are for the eighty-four participants who successfully completed the tnal. 
.126-129. 
；compared using the - • 1 a 3 d record of physica activity). 
second 6 months of the trial, comparisons were carried out to examine whether there was 
any difference in response to the treatment effect between the drop-outs and the eighty-four 
children who completed the trial in the first 6 months. The differentials in weight, height 
and bone measures between the drop-outs and the successful participants were compared. 
In the study group, height increment was slightly higher among the drop-outs {n 11) when 
compared with the successful participants {n 44) (3.6 (SD 0.5) v. 3.2 (SD 0.6)%; P = 0.036)， 
whereas the increment of radial BMC:BW of the drop-outs was lower than that of the 
successful participants (2-3 (SD 5.3) v. 6.1 (SD 4 . 0 ) % ; P = 0.033). Otherwise, variables did 
not differ significantly. On the other hand, among the controls the percentage increment of 
the LSBMD was significantiv lower in the drop-outs {n 14) than in the successful 
participants 40) (2.8 (SD 2.9) V. 5.6 (SD 3.9)%;尸=0.027). ^ 
Due to an electronic breakdown of the DEXA instrument during the 12th month ot 
foUow-up, there were no data available for the lumbar spine and the femoral neck regions 
in the 12th month follow-up session. Table 4 shows bone mineral acquisition, weight and 
height increases of the eighty-four successful participants after 18 months. The study group 
had significantly greater gains in the LSBMC (20.95 v. 16-34 % ; P = 0.035)，and LSA (11.16 










spinal projected area; LSBMI 
content; FNA, femoral neck pro： 
•foui 
compared using the Mann-Whitney U test. 
increase in LSBMC to percentage increase in LSA of both the study group (1.58，so 2.7) 
and the control group (1.12, SD 3.2) were not statistically different (P = 0.325). The results 
of analysis imply that in both the study and control groups, LSBMC and its projected 
vertebral area (LSA) expand with a similar ratio but at different rates. This may explain 
1 part why LSBMD was not significantly different between the study and control groups 
7-01 % ; P = 0.2). On the other hand, in the study group there was a greater increase 
， .6.0 % ; P = 0-081) when compared with the controls. There were 
_ in the differentials of FNBMC {P = 0.37) and FNBMD (P = 
“ … w study and control groups. In addition, there were no significant 
I the percentage gain of weight (F = 0.46) and height (P = 092) between the 
study and control groups. 
Further analysis was attempted to examine whether there was a true treatment effect (Ca 
supplement or placebo) on the net increase in L S B M C Multiple regression analysis was 
employed to examine whether the observed treatment effect on LSBMC was confounded by 
variables such as baseline weight, height, LSA, dietary intakes of Ca and protein, and sex. 
Since there was a strong positive correlation between baseline height and weight (r 0.75’ 
p < 0.0001) as well as between baseline Ca intake and protein intake (r 0.50，P < 0.0001)， 
weight and protein intake were not used in the regression model, to avoid collineanty. 
When all the five independent variables were entered into a single model (Table 5)，only 
treatment effect (partial r 0-32, P = 0-0041) and baseline Ca intake (partial r - 0 - 2 9 , 
p = 0-0089) were found to be statistically significant for predicting the net increase in 
LSBMC An alternative multiple regression model using a stepwise approach gave similar 
results with treatment effect (partial r 0-32, F = 0.003) and baseline Ca intake (partial r 
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Table 4. Percentage gains in bone measures, weight and height of 7-year-old Hong Kong 
Chinese children during participation in an 18-month calcium-supplementation trial* 
(Mean values and standard deviations) 
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\ lumbar spinal bone mineral content of l-year-old Hong Kong� 
during an 18-month calcium-supplementation trial 
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一 0.26’ 尸=0.016) being the two significant independent variables. Furthermore, in the 
stepwise procedure, no interaction was found between treatment effect and baseline Ca 
intake {P = 0-30). The results suggest that the significant treatment effect had not been 
confounded by the variables examined. 
It is interesting to find that baseline Ca intake was negatively correlated with the net 
increase in LSBMC in multiple regression analysis. Further diagnosis of the residuals was 
performed. In the scatter plot between baseline Ca intake and the net percentage change 
in LSBMC there were three data points which had negative percentage changes m LSBMC. 
When one of the three points with the greatest Cook's distance (0.147) was removed from 
the analysis, baseline Ca intake became non-significant {P = 0.11), whereas the treatment 
effect remained significant {P = 0.0057). Furthermore, when all three data points wUh 
Cook's distance between 0.119 and 0.147 were excluded from the analysis, baseline Ca 
intake was also non-significant, and treatment effect remained significant {P = 0.022). 
Therefore these three data points behaved like leverage points (Kleinbaum et al. 1987). 
However 'an outlier should only be deleted provided that a cause, such as an error, is 
identified (Draper & Smith，1981). In the present study there was no reason to suspect that 
these three data points were erroneous. Therefore, these data points were still included in 
the analysis, and the results of analysis should be interpreted with caution. In summary, 
treatment effect was consistently demonstrated to be a significant determinant to predict 
the change in LSBMC after the 18-month trial. Based on the results of statistical analysis 
there is no convincing evidence to support the hypothesis that the net increase in LSBMC 
after the trial period was negatively correlated with baseline Ca intake. 
DISCUSSION 
The results of the current study confirm the results of other supplementation trials which 
show that an increased Ca intake in children has a beneficial effect on bone mineral 
acquisition (Johnston et al. 1992; Lloyd et al. 1993). To our knowledge there have been no 
published intervention studies to evaluate the effects of increased Ca intake per se on 
skeletal accretion and height increase in Chinese children whose mean dietary Ca intake 
was about 567 mg/d. Children in the study group received an extra 246 mg/d supplemental 
Ca (after correcting for the compliance of 8 2 % ) in additjon J；^，ba=al，eta^ntf e o 
567 mg/d throughout the trial. There were extra gams in LSBMC (4.6 %) and LSA (2.5 %) 
when the study group children were compared with the controls. The additional gains in 
LSBMC and LSA in the study group were both 2 8 % greater than those in the placebo 
group. The differential in radial BMC: BW ratio between the study and control groups also 
approached significance (P = 0.081). Ca supplementation undertaken for 18 months had 
no marked beneficial effect on the differentials of FNBMC and FNBMD (P > 0.05). 
There was also no additional benefit on height increment. In short, the results of the 18-
month Ca trial showed that increasing Ca intake per se to approximately 800 mg/d 
enhanced vertebral bone acquisition remarkably in Chinese children but it had no beneficial 
effects on proximal femoral neck. Furthermore, Ca supplementation did not enhance 
height increment. 
The technique o f D E X A measures bone mass of both the trabecular bone (25 % ) within 
the vertebral body and the cortical bone (75 % ) of the posterior processes per unit projected 
area of the vertebrae (in g/cm-) (Ott, 1991). The technique cannot quantify true volume 
density because the anteroposterior depth and thus the volume of the bone cannot be 
determined by DEXA. During growth, both the vertebral bone mass and its volume 
increase; the results of the present study show that the ratios of percentage increase in 
LSBMC and LSA were similar in both the study and control groups, but the rates of 
increase in LSBMC and LSA in the study group were significantly greater than those in the 
control group. Such phenomena suggest that Ca supplementation increases both the bone 
mass and bone area of the vertebrae. Due to the inherent technical limitation of DEXA, 
the evaluation of areal bone density (i.e. LSBMD) is influenced by the increase in the size 
of the vertebrae, the values of both bone mass and bone area increase in the absence of any 
marked change in bone density. Such an observation has been reported by other workers 
(Gilsanz et ai 1988; Glastre et al. 1990; Katzman et al. 1991). Gilsanz et al (1991) used 
the technique of quantitative computed tomography (QCT), which measures the actual 
volume of the bone (in g/cm'), to study the longitudinal increase in LSBMD between black 
and white adolescent girls before and after puberty. After puberty the increase in bone 
density of black girls significantly exceeded that of white girls (34 v. 11%). Such a 
magnitude of racial discrepancy in bone density was found to be higher than other reports 
in which LSBMD was determined by DEXA (Glastre et al. 1990; Bell et al. 1991 ； Southard 
et al. 1991). The authors attributed the greater discrepancy in vertebral growth found in 
their study to the methods used in quantifying bone density (Gilsanz et al. 1991). 
The present trial demonstrated that Ca supplementation in 7-year-old Chinese children 
had no beneficial effect on height increase. The result was similar to that of our recent 
report on age-matched children from China (Lee et al. 1994b). By using identical Ca 
•supplements and dosages in a group of Chinese children with an average dietary Ca intake 
of about 275 mg/d over an 18-month trial, no significant differences in the percentage 
increases of height were found between the study and control groups (7.16 (SD 0.12) v. 7.19 
(SD 0-12)%; P = 0-40) (Lee et al. 19946). The results from our previous and present 
randomized controlled trials consistently indicate that supplementation with Ca of children 
habituated to Ca intakes lower than those of their Western counterparts does not affect 
height gain. Furthermore, the magnitudes of the mean percentage gains in height in both 
trials after 18 months were very similar as expressed in the significance levels. These findings 
also agree well with those of Johnston et al. (1992) and Lloyd et al. (1993). Studies in the 
early part of this century reported that children and adolescents supplemented with milk 
had increases in height (Leighton & Clark，1929; Bureau of Statistics, 1970). However, such 
increases in height after milk supplementation could be confounded by the fact that milk, 
although a good source of Ca, is also a rich source of energy and protein for growth and 
development. Clinical studies have shown that linear growth of children may be stunted by 
chronic insufficiency of energy and protein (Kirschner et al. 1978). Thus, using a Ca salt may 
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r enhances be superior to using milk to test whether 
increment among children and adolescents. 
Repeated dietary assessment 12 months after the initial assessment showed that there 
were no significant differences in the intakes of Ca, protein and energy between the study 
group and the controls. In fact, the variations of mean Ca intake in the respective groups 
were small over a 12-month period. Therefore, it is reasonable to assume that Ca intakes 
of the study and control groups were comparable at the end of the trial. The study cohort, 
like other children in Hong Kong, were under pressure to achieve good academic 
performance in school. The cohort children usually had to spend several hours a day after 
school on homework, some even attended private tuition classes after school. There were 
only about two physical education lessons per week in school. Furthermore, most of the 
families lived in high-rise blocks of apartments and there was limited space for recreational 
activities. During the limited leisure time, most children usually chose to have sedentary 
types of activity such as watching television and playing electronic games. These may 
explain why the time spent on physical activity was less than 3 h a day. Therefore, 
spent by individuals on physical activity probably did not vary a great ( 
month period. In addition, during each 6-inonthly interview each child 
their physical health and lifestyle, but none of them reported that they had had a significant 
change in daily activity. Therefore it is reasonable to assume that the physical activity of 
children in the study and control groups was similar 18 months later. 
The mean serum level of 25-OHD of the twenty-two randomly selected children was in 
the normal range even though the blood was taken for assay in winter. The climate of Hong 
Kong is sub-tropical with plenty of sunshine throughout the year. The study children weiU 
outdoors regularly each day; they should have obtained most of their vitamin D by 
exposure to the sun. A recent study on serum 25-OHD in Hong Kong children also showed 
no evidence of sub-optimal vitamin D nutritional status (Leung et aL 1993). Therefore, 
vitamin D nutritional status of the study children in the present trial should not have been 
a limiting factor in bone mineralization. As vitamin D nutritional status and the levels of 
physical activity were not statistically different between the study group and the control 
group these two factors should not be the confounders in affecting the variation m bone 
acquisition between the study and control groups. The compliance rate in the present trial 
was somewhat higher when compared with those of Johnston et aL (1992) (72 -74%) and 
Lloyd et al. (1993) (64^77%). The relatively high compliance rate achieved (82%) might 
be attributable to the effort of our research nurses to encourage the children's compliance 
regularly throughout the trial, and the co-operative efforts of the parents to supervise their 
children at home to take the tablets. . , ,T L ； 
In two prospective Ca supplementation trials, in Caucasian children (Johnston et aL 
1999) and adolescents (Lloyd er al. 1993)，mean Ca intakes of the subjects were comparable 
with or even higher than the US RDA (National Research Council, 1989). Johnston et al 
(1992) reported a Ca trial conducted for 3 years in Caucasian identical twins. After the trial, 
among twenty-two pairs of prepubertal twins with a mean age of 7.4 (SD 1-5) years the gam 
in the radial B M C : B W ratio of the study group was significantly greater (by 5.1 /。）than 
that of the control group. Comparing the results of our current study with those of 
Johnston et al. (1992) for the first 18 months of the trial, although baseline mean radial 
B M C . B W of the subjects in the current study (0.46 (SD 0.04) g/cm^ n 84) was slightly 
higher than that of the twins study (0.42 (SD 0.06) g/cm^ n44;P< 0.001) (Johnston et al. 
1999. Slemenda 1993), the total Ca intake in the Ca-supplemented group of the present 
study (habitual diet: 567 mg/d, supplement: 246 mg/d) was almost half the intake when 
compared with the twins study (894 mg/d from diet, 718 mg/d from the supplement). It is 
“ � t n that after the 18-month trial the Hong Kong study children were less 
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responsive than the twin counterparts in terms of net gain in radial BMC:BW (1.74 v. 
3-6%). However, both the current study and the twins study consistently demonstrate that 
Ca supplementation has little effect on bone acquisition in the proximal femoral neck. 
Recently, Lloyd et al. (1993) reported another Ca trial, with ninety-four 12-year-old 
Caucasian girls. The girls in the study group, with a basal dietary Ca intake of 1016 mg/d, 
were supplemented with 354 mg Ca/d for 18 months, and the LSBMD of the study group 
increased significantly by 2.9% when compared with the controls. However, the study 
group had a pronounced, but not significant, net gain in LSBMC (4-7%) when compared 
with the controls. Although the study children in the current trial were younger than those 
of Lloyd et al. (1993)，and the mean habitual Ca intake of the children in the present study 
was approximately half that reported by Lloyd et al. (1993), the net i 
in LSBMC in the study group of the present Ca study was similar to that 
Lloyd et al. (1993). 
• To conclude, in an 18-month controlled Ca-supplementation trial m which 300 mg 
elemental Ca or a placebo tablet was administered daily to a group of Chinese children 
whose mean basal Ca intake was approximately 567 mg/d, the study group had significantly 
greater increases in lumbar spinal BMC (20.9 v. 16.34% ； P = 0-035) and lumbar spinal area 
(1M6 V. 8-71%; P = 0-049) when compared with the control group. The study group also 
showed a moderate increase of radial BMC:BW (774 v. 6-00%; P = 0.081). However, Ca 
supplementation had no beneficial effects on the increments of femoral-neck bone mass and 
height in the study children. 
It has been suggested that a persistently higher Ca intake from childhood to early 
adulthood may lead to a higher peak bone mass (Matkovic, 1992). Genetic inheritance 
accounts for 70 -80% of the attainment in peak bone mass (Pocock et al. 1987; Slemenda 
et al. 1991a; Morrison et al. 1994); whereas body build (Lloyd et al. 1992; Turner et al 
1992)，including lean body mass (Davee et al. 1992); physical activity (Slemenda et al. 
\99\b-, Grimston et al. 1993); dietary intake, including Ca (Fehily et al. 1992; Hu et al. 
1993), protein (Orwoll, 1991; Metz et al. 1993), P (Metz et al. 1993) and Na (Sabto et al. 
1984;'McParland etal. 1989); smoking (Mazess & Barden，1991; Paganini-Hill etal 1991); 
and alcohol consumption (Fehily et al. 1992) are known modifiable environmental factors 
that may determine the remaining 20-30% variation in peak bone mass. The amount of 
peak bone mass varies among different ethnic groups at skeletal maturity too. Black 
Africans have a relatively high amount of bone mass compared with Caucasians (Gilsanz 
；McCormick et al. 1991), whereas there is some evidence that Orientals (Gam 
；，Hu et al. 1993) have a relatively low bone mass when compared with Caucasians 
^ i^via^c^^ Jc Cameron, 1974). Since hereditary and environmental factors during skeletal 
growth would modify the attainment of future peak bone mass, a longer term controlled 
Ca trial extending from childhood until the early 20s may be required to confirm any 
substantial benefit of a higher Ca intake on peak bone mass achievement. Furthermore, 
studies of the rates of bone mineral accretion and factors contributing “ 
in non-Caucasian children habituated on low-Ca diets are scanty. Therefore, 
is warranted in indigenous people to identify factors contributing to peak 
different populations. 
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Letters to the Editor 
Calcium supplementation and height i 
children 
In their article on calcium supplementation of children ac-
I low-calcium diet (1) Lee et al report that dou-
口 ake to « 6 0 0 mg/d improved bone mineral 
content (BMC), as evaluated by single-photon absorptiometry, 
but failed to have an effect on body height. The calcium 
supplement given was CaCO)，which is a very insoluble cal-
cium salt. In rat experiments we showed that when calcium 
intake is increased by the addition of CaCO，，calcium absorp-
tion reaches a plateau, whereas this is not the case when 
calcium gluconate constitutes the supplement (2). Although 
these f indings may not apply to the study in children by Lee et 
al，these authors did not measure either absorption or urinary 
output; one dees not know, therefore, what the actual increase 
in calcium absorption or net retention was. It is quite possible 
that the actual increase in calcium input was quite modest, 
thereby accounting for the small overall increase in B M C and 
the failure to improve height. Conceivably, a calcium supple-
ment that would be more soluble than CaCO., would lead to 
J results. 
The University of Connecticut Health Center 
Department of Biostructure and Function 
2 3 6 Farmington Avenue 
，CT 06030-3705 
» S - H , et al. Double-Mind, controlled 
bone mineral i 
J Clin Nutr 
.Pansu D, Duflos C, Bcllalon C，Bronner F. S^bility i 
t time limit calcium absorption in rats. J Nulr 1993; 123:1396-
. L e e WTK, Leung SSF， � 
calcium supplementation and 1 
Reply to Bronner 
Thank you for the letter of Felix Bronner asking whether the 
—7 solubility of calcium carbonate (CaCO^) used as a supple; 
^ . . trial would lead to a small 
I improve height in the 
study children (I). I agree with Bronner that 
various calcium salts had different degrees of absorbability, 
and that the results of animal studies may not be applicable to 
humans. . , , . , 
Recent in vivo absorption studies conducted in healthy sub-
jects using calcium salts with various degrees of solubility 
indicated that though the solubility of a calcium salt is related 
to its absorbability, the association is relatively weak with only 
a difference of 34% across a solubility range spanning five 
orders of magnitude (2). In vivo studies seem to indicate that 
solubility of a calcium salt is not a prerequisite for better 
absorbability of calcium ions in the intestine (2 ,3) . 
CaC03 is soluble at a pH of ^ 6 and its solubility is pro-
portional" to gastric acid secretion. In a nonacidic environment 
CaCOg is virtually insoluble. There fore , taking O1CO3 with a 
meal would enhance gastrin and gastr ic acid secretions thereby 
increasing the solubility of the coingested calcium salt. In our 
previous study ( 1 ) , C a C O � was taken immediately after break-
fast by children whose gastric acid secretory function was 
normal. Furthermore, CaCO., coingested with foods may also 
slow down gastric emptying, thus al lowing more time for 
intestinal calcium absorption. As a result, the absorbability of 
- 1 0 0 3 is probably comparable with that of other highly solu-
e caicium salts like calcium citrate ( 2 . 3 ) . Ironically, calcium 
；orbed in the small intestine where the pH is usually 
> 6.5. Under this condition most ionic calcium may reassoci-
ate and reprecipitate to different degrees, and the mechanism of 
calcium ions being absorbed into the gut mucosa is not fully 
understood. . 
In fact, we have measured true fractional calcium absorption 
(TFCA) in a subgroup of 34 children from both our study (1) 
and a group of age-matched Hong Kong Chinese children (4)， 
using doubly labeled stable calcium isotopes (5). TFCA before 
calcium supplementation was « 5 4 - 6 6 % , and repeated TFCA 
after 6 mo of calcium supplementation was - 4 9 - 6 5 % (5). In 
addition, we observed a very low urinary calcium excretion in 
the urine samples collected from the calcium-supplemented 
children participating in the absorption study (WTK Lee. un-
published observation, 1994). The results indicated that the 
efficiency of calcium absorption of our study children 
and during the supplementation period was somewhat 1 
than that in a study performed in white children that used a 
similar experimental approach (6). Calcium citrate malate 
(CCM) has been shown to be better absor“-d … � “ r ^ m , m 
children (7) and young adults (8). CCM ! 
recent calcium trials in children (9) and 
Subjects of Johnston et al (9) and Lloyd et al (10) i 
average 7 1 8 m g elemental calcium/d from CCM for 3 y, 
354 mg elemental calcium/d from CCM for 18 mo, respec-
tively. Although both trials (9，10) used a better-absorbed cal-
5 American Society for Clinical Nutrition 
LETTERS 
ii c ium salt than that in our previous study (1)，the magnitudes of 
(I net increase in bone mineral mass were moderate and compa-
.1 ruble with our findings (1). None of the studies using u more 
^ soluble calcium salt (CCM) for 3 y (9) and 18 mo (10) found 
m any significant increase in height. It seems that a much longer 
ii duration of study may be necessary to evaluate the effect of 
•J calcium supplementation oii height increase, if any, in children. 
Warren TK Lee 
J Department of Paediatrics • 
I Faculty of Medicine 
r The Chinese University of Hong Kong 
\ Prince of Wales Hospital 
；d Sharin, Hong Kong 
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；myristic acid. These particular experi-
ments show a minor increase and a minor decrease in choles-
terol concentration, respectively, indicating little effect of 
palmitic and stearic acids. Only fats with myristic acid raise 
cholesterol concentrations. The second classic paper referred to 
by Tholstrup et al is by Keys et al (4), which concludes that 
"This formula fails, however, when dietary change involves 
large amounts of cocoa butter and discrepancies also appear 
with beef tallow...，’ 
The second remarkable point concerns the switch from ha-
bitual to experimental diets. The participants on a habitual diet 
consumed 3 3 % of energy from fat (range 28-42 ) . The percent-
age from saturated fats was not given, but if not too different 
from typical Scandinavian diets, may be slightly less than half, 
^ 1 6 % of energy. In both of the experimental diets, total fat 
was increased to 4 0 % of energy, and percent of energy from 
suluruted fat can be calculated to be 19.5% in both experimen-
tal diets. Thus, the experimental diets resulted in a considerable 
increase in both total and saturated fat, but surprisingly, a 
decrease in total cholesterol (statistically significant in one 
case) and low-density lipoprotein (statistically significant in 
both cases) and u statistically significant increase of high-
density lipoprotein in one case. This hardly means that diets 
containing 4 0 % of energy from total fat and 19.5% of energy 
from saturated fat are bad. 
In essence, the data presented by Tholstrup et al, if anything, 
add to the confusion regarding the influence of specific satu-
rated fatty acids on cholesterol concentrations. They contradict 
recommendations to reduce total and saturated fat intakes. 
• Olov H Holmqvist 
Koltfoisknings Institutel 
PO Box 504 
S-244 24 Kavlinge 
Sweden 
R E F E R E N C E S 
1. Tholstrup T, Marckmunn P, Jespersen J, Vessby B, Jart A, Sandstrom 
B. Effect on blood lipids, coagulation, and fibrinolysis of a fat high in 
myristic acid and a fat high in palmitic acid. Am J Clin Nutr 1994; 
60:919-25. 
’ Probslficid JL, Silvers A, et al. Plasma lipid and lipoprotein 
Dietary saturated fats and cholesterol 
Dear Sir: 
The report by Tholstrup et a l ( l ) i s remarkable in at least two 
ways. First, because the results are at variance with previous 
results that show unequal influence of myristic and palmitic 
acids on serum cholesterol concentrations. Reiser et al (2) 
showed in a well-controlled experiment, not referred to by 
Tholstrup et al, that tallow containing as saturated fatty 
only palmitic and stearic acids was cholesterol-neutral, 
whereas coconut oil, which contains myristic i 
lestcrol-raising. Inspection of the experiments in the classic 
paper by Hegsted et ai (3), which Tholstrup et al do refer to, go 
the same way: experiments 4 and 22 used cocoa butter, which 
- a l l of which is palmitic and 
I JT, Grande F. Serum 
.IV. Particular saturated fatty acids in the diet. 
；;14:776-87. 
OH Holmqvist 
We agree thai our finding that a fat high in myristic acid did 
ot increase total plasma cholesterol and low-density-lipopro-
jin cholesterol concentrations compared with a fat high in 
The calcium absorption of Chinese children in relation to 
their intake 
SSF Leung, W T K Lee, JCY Cheng , S Fairweather-Tait 
Standard dietary calcium requirements for various age groups have mostly been estimated and derived 
from studies performed in Caucasian populations. This is the first calcium absorption study performed 
in Chinese children who may not drink milR regularly. A technique using double-labelled stable calcium 
isotope was employed to measure true fractional calcium absorption. Thirty four seven-year-old chil-
dren with calcium intakes ranging from 172 to 1641 mg/d were studied. They were then randomised into 
two groups, one being given 300 mg elemental calcium daily for six months, the other being given placebo 
tablets daily for the same period. It was found that the mean true fractional calcium absorption was 6 3 % 
and 5 5 % in children whose daily calcium intake was below 500 mg and above 500 mg respectively. Both 
absorption rates were much higher than those reported in Caucasian children, and there was a physi-
ological increase from 5 8 % to 6 4 % in true fractional calcium absorption as children grew from age seven 
1 and a half. Calcium supplementation caused a significant fall in calcium absorption (61 % to 
lange in calcium absorption during the six months of supplementation was significantly 
different to'lhe control values, even after adjusting for other baseline variables. It was concluded that 
calcium absorption is affected by calcium intake and calculations of recommended daily calcium intakes 
should take this into account. 
HKMJ 1995:1:58-62 
Keywords: Calcium absorption: Chinese children; Calcium intake; Calcium siipplemenmnon 
Introduction 
One of the major differences between the traditional 
diet of Chinese and Caucasian populations is the rare 
consumption of cow's milk and dairy products by the 
former. This is reflected in the daily calcium intake 
which is three times higher in Caucasians. Westerni-
sation in Hong Kong has led to an increase in milk 
consumption and calcium intake in children's diets. 
Whether it is really beneficial to encourage a much 
higher calcium intake in childhood depends on further 
scientific investigation. This has great implications 
should there be any radical shift in the traditional diet 
of the 1.2 billion people living in mainland China. 
The Chinese University of Hong Kong, Shatin, Hong Kong: 
Department of Paediatrics 
SSF Leung, MD, FRCP 
WTK Lee, MPhil. SRD 
Department of Orthopaedics and Traumatology 
JCY Cheng. MB, BS, PRCS 
S Fairweather-Tail, 
Correspondence to: Dr SSF Leung 
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For many generations. Chinese infants have been 
weaned from breast milk when approximately one year 
old. The main source of dietary calcium for children 
and adults has been green vegetables, soy bean prod-
ucts, cereals, seeds, nuts, shells，and bone. Children did 
not seem to suffer from this level of calcium intake. 
Hypocalcaemia in children occurs mainly as a result of 
endocrine or metabolic disorder rather than nutritional 
deficiency. Indeed, reports of clinical disorders due to 
dietary calcium deficiency in childhood are scarce. 
Osteoporosis, a condition in the elderly considered 
to be partly related to low calcium intake was not found 
to be more common in Chinese, but the reverse—only 
one-third were affected compared with their Ameri-
can counterparts who had a much higher habitual cal-
cium intake.丨--Whether or not Chinese have different 
absorption efficiency was studied in this paper. This is 
important because the recommended calcium require-
ment for a population is estimated according to the 
efficiency of absorption, which may differ among dif-
ferent ethnic groups，particularly with different levels 
of dietary calcium intake. 
Calcium absorption of Chinese children 
Previous studies investigating the dietary intake of 
Hong Kong Chinese children have demonstrated a 
wide range of calcium intakes as some children drink 
milk, while others do not ) Mainland Chinese children 
receive practically no milk after they are one year old/ 
Recruitment of children from the mainland enabled us 
to study children with different calcium intakes. 
Most calcium absorption and metabolic studies are 
tedious, requiring the collection of faeces, hence, these 
are seldom performed in children. The newly devel-
oped technique of double-labelled stable calcium iso-
tope (DLCI) enables the true fractional calcium ab-
sorption (TFCA) to be measured safely and accurately 
in children. 
Subjects and methods 
；subjects had previously participated in a much 
_ • study on calcium supplementation and bone 
mineral content.^ In 1991,22 Hong Kong seven-year-
olds were chosen from the cohorts of a longitudinal 
study of growth and nutrition and 12 children of the 
same age and ethnic origin were chosen from a school 
in Jiangmen, Guangdong Province, At the time of re-
cruitment, their habitual daily nutrient intakes, includ-
ing energy, calcium, protein, and phosphorus were as-
sessed by the research dietitian. Body weight and 
height were measured in the standard ways. In Hong 
Kong, the children were weighed on a Seca electronic 
scale, accurate to 0.1 kg, wearing light clothing, and 
measured with a Harpenden stadiometer, accurate to 
0.1 cm. In Jiangmen. the children were weighed on a 
Lichipai beam balance and measured .with a kg 
stadiometer, with the same accuracy. Baseline TFCA 
was s tudied us ing DLCI. The chi ldren were 
randomised into two groups, with one receiving a daily 
calcium supplement of 700 mg calcium carbonate con-
taining 300 mg elemental calcium for six months, while 
the other group received placebo sucrose tablets (hav-
ing the same taste and smell). Both investigators and 
subjects were blinded to the type of tablets received 
by each child. Tablets were distributed by teachers in 
Jiangmen and by mothers in Hong Kong. After six 
“months, TFCA was repeated in each subject (details 
of the method used are described in another paper” 
Each child was asked to fast overnight. In the morn-
ing, 0.75 mg 42Ca was injected intravenously followed 
by the oral ingestion of 8 mg -"Ca contained in a 100 
gm chocolate milk drink. A standard breakfast con-
sisting of sponge cake and 250 ml fruit juice was given 
two hours later. A 500 ml urine sample “ 
exactly 24 hours later to help determine the ratio of 
the two stable isotopes (Norwich Laboratory, UK).， 
The relationship between the initial TFCA and each 
individual's calcium intake was studied using Pearson 
T correlations. As 500 mg/d is frequently quoted as 
the required amount of dietary calcium, a cutoff daily 
calcium intake of 500 mg/d was used to divide sub-
jects into groups A and B. The mean TFCA of the two 
groups was compared. Children were also grouped 
according to whether or not calcium supplementation 
was given for six months. Differences in TFCA val-
ues between the two groups were tested by non-
metric Mann Witney U test. The non-
Wilcoxon signed rank test was used to test intrapersonal 
changes in TFCA over the trial period. Multiple re-
gression analysis was used to identify the relative con-
tributions of initial calcium intake, treatment effect, 
and the effect of interaction between baseline calcium 
intake and treatment effect on the prediction of changes 
in TFCA over the trial period. The significance level. 
was set at P < 0.05. 2-tailed. Statistical analysis was 
performed by SPSS/PC., Version 4.0，SPSS Inc.. Chi-
cago. Illinois，US. Ethical approval was obtained from 
the Faculty of Medicine, The Chinese University of 
Hong Kong and the AFRC Institute of Food Research, 
UK. Informed consent was obtained from the parents 
of all subjects. 
Results 
The calcium intake of Hong Kong children ranged 
between 185 to 1641 mg/d, including 14 children who 
consumed milk regularly and eight who did not. In 
contrast, the calcium intake of the 12 Jiangmen chil-
dren had a narrower range of 172 to 552 mg/d. Di-
etary intakes of energy, phosphorus and protein in Hong 
Kong children were significantly higher than those in 
Jiangmen children due to the higher consumption of 
meat and sugary drinks in the former. Although the 
calcium intake of Hong Kong children was higher than 
that of Jiangmen children, calcium intake corrected 
for energy intake showed no difference. Neither were 
there any significant differences in weight or height 
(Table 1). There was no significant correlation between 
TFCA and calcium intake. Intakes of protein, carbo-
hydrate, fat, phosphorus, body weight, and height did 
not show any significant correlation with TFCA either. 
The nutrient intake of group B (calcium intake > 
500 m g / d ) m o s t l y Hong Kong children—was sig-
nificantly higher than that of group A (calcium intake 
< 500 mg/d). The mean (SD) TFCA of group A was 
63.1% (10.7%), significantly higher than the 54.8% 
I group B (7.3%) (Table 2). 
Compliance in the supplementation 
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，weight and height of the seven-year-old Chinese children 
Hong Kong 
n = 22 


























Table 2. True fractional calcium absorption (TFCA)，nutrient intake, weight, and height of the seven-






































assessed by counting the number of tablets left at the 
end of the trial. Compliance was very high—94.5%. 
There was no significant difference between the mean 
compliance of the study and control groups and there 
were no drop outs. The baseline mean calcium intakes 
of the supplement group were slightly higher, but this 
was not significant. Phosphorus and protein intakes 
were significantly higher in the study group. The av-
erage weight and height of the two groups were simi-
lar. There was no significant difference in the initial 
TFCAs of the study group and the control group (mean 
60.6%，SD 11.4% and mean 58.2%, SD 9.0% respec-
tively). After six months, the difference in TFCAs was 
significant, (mean 55.6%, SD 12.7% in the study group 
vs mean 64.3%, SD 10.7% in the control group) (Table 
3). Thirteen of 17 controls showed an increase in TFCA 
after six months, while 14 of 17 showed a fall in TFCA 
in the study group. This change was significant (p < 
0.01) and the difference remained even after adjust-
ing for baseline dietary intakes of calcium, phospho-
rus and protein, weight and height (p < 0.01). Multi-
ple regression analysis using variables of initial cal-
cium intake, treatment effect, and the effect of their 
interaction for the prediction of the change in TFCA 
over the trial period showed that it was only the treat-
ment effect that was influential (p < 0.05). 
A dietary survey of the children after the six-month 
trial was not repeated because the nutrient intakes were 
I be similar to those of the baseline, with 
60 HKMJ Vol ] 11995 
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t^e exception of calcium. The mean calcium intake of 
t^e study group would of course be 300 mg more than 
the baseline amount, i.e. 972 mg/d. 
Discussion 
The FAOAVHO recommended daily dietary calcium 
jntake for children is 500 mg/d.8 This estimate was 
based on studies in Caucasian populations, assuming 
=absoipt ion rate of 40%. Indeed, studies have shown 
Caucasian children and adolescents to have TFCA 
values of 30% to 36% and a daily calcium intake of 
approximately 1000 mg.請 Our study demonstrated a 
f uch higher absorption rate among Chinese children— 
with a daily intake of 494 mg and 56% with a 
f ily intake of 972 mg. Similar high absorption rates 
h厂e also been reported in Sri Lanka and India—60% 
absorption with a calcium intake of 200 to 300 nWd 
A review of 99 metabolic balance studies in children 
aged two to eight years showed that the mean urinary 
ca a u m loss fell from 117 mg/d to 60 mg/d when mean 
二 a u m intakes declined from 1600 mg/d to 470 n W 
d- also reflecting a higher absorption rate when daily 
mtake is reduced." Calcium absolution increases with 
a p to cope with growth requirements. This could ex-
t ’ children aged seven and a half had a hisher 
玄han did the seven-year-olds. The six months 
d f er^nt levels of habitual calcium intake in order to 
absorb a necessary amount of calcium for growth. Such 
regulation is obvious during puberty when bone min-
eral content rapidly increases despite an unchaneed cal-
cjum intake (Leung SS, et al，unpublished data) The 
abscence of corrdation between baseline TFCA and 
current calcium intake could be due to the small sample 
巧e and the non-linear relationship between the two 
•Hie sample size was limited by the high cost of the i � o : 
tope^ bu^ was adequate to demonstrate the difference 
in TFCA found between the high and low intake group... 
p e l o n g tradition of having a low calcium intake 
in the Chinese diet has possibly led to Chinese devel-
oping a higher calcium absorption rate. The require-
for calcium intake in Chinese could differ mark-
edly from that of Caucasians. The recent increase in 
the prevalence of osteoporosis in Hong Kone is asso-
ciated with a change in dietary practice such�as a de-
creased consumption of calcium-rich Chinese food and 
a more sedentary lifestyle. There may be a lower limit 
of calcium intake below which the body suffers even 
，’ith adaptability. In addition, such adaptability mav 
disappear after the menopause because of hormonal 
changes. These hypotheses can be tested by conduct-
mg ftirther calcium absorption studies. Studies that are 
extended to include different age ?rnimQ ^ AU “ 。 . . 
nism.ll^ereg_。n。fTFCA。canTedinchildren^^^ T.e technique ofdouble-labelled isotopes measures 
S 
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r F C A b y g i v i n g o n e i s o t o p e o r a l l y a n d t h e o t h e r o n e 
i n t r a v e n o u s l y , t o c o r r e c t f o r e n d o g e n o u s c a l c i u m s e -
t e d i n t o t h e i n t e s t i n e . T h e t e c h n i q u e i s s u p e r i o r to 
• j ad i t iona l b a l a n c e s t u d i e s w h i c h f a i l t o d i f f e r e n t i a t e 
o e t w e e n e n d o g e n o u s c a l c i u m a n d d i e t a r y s o u r c e s . 
U s i n g d o u b l e - l a b e l l e d c a l c i u m i s o t o p e s o n l y r e q u i r e s 
a s a m p l e o f b o d y f l u i d s , e . g . u r i n e a n d b l o o d , a n d t h e 
ra t io o f t h e t w o i s o t o p e s in t h e b o d y f l u i d s . T h e t e s t i s 
a l s o l e s s t i m e c o n s u m i n g . H o w e v e r , it i s s t i l l v e r y e x -
p e n s i v e , t h u s l i m i t i n g t h e n u m b e r o f s u b j e c t s w h o c a n 
b e e n r o l l e d in s u c h s t u d i e s . 
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